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A B S T R A C T 
The Aravalli fold belt bordering the northwestern edge of 
Indian shield, is made up principally of Proterozoic Aravalli and 
Delhi supracrustal sequences which deposited over Archeaa Gneissic 
basement. In these sequences, along with different types of meta-
sediments, there are numerous occurrences of basic volcanics at 
different s trat igraphic levels . In the present study the basic 
volcanic rocks, occurring at the base of lower Proterozoic Aravalli 
Supergroup, are undertaken for geochemical characterization, and 
interpreted for their petrogenesis and tectonic setting. 
The Basal Aravalli Volcanic flows intercalated with low grade 
metasediments of Delwara Formation form two linear belts in east 
and west of Udaipur city of Rajasthan s ta te . The whole sequence 
has been subjected to regional metamorphism upto the grade of 
greenschist facies. Although the volcanic rocks have lost most of 
their original features, the primary structures l ike vesicles and 
textures like ophitic and sub-ophitic ones are occassionally 
preserved. 
All samples included in this study have been analysed for 
trace elements Ni, Cr, Co, RD, Sr, Ba, Zr, Y and Nb. REE and 
Fa and Hf, were also determined for six samples representing a 
large range of MgO. 
The rocks of eastern and western belts are closely similar 
in terms of their littiology, mineralogy and geochemical ct iaracteri-
s t i cs . Tne chemical data indicate a large range of variation in 
various elements and element ratios. Variation diagrams used to test tne 
effect of alteration indicate that most of the elements have retained 
their magmatic concentration. However few samples show tne 
redistribution of CaO. The Na„0 and K^O concentrations show 
considerable redis t r ibut ions . 
Geochemically the rocks are similar to komatiite - tholeii te 
associations. However, they differ from komatiite - tholei i te associa-
tion of Archean greenstone belts in apparent absence of spinifex 
texture, less magnesian nature and lack of compositional gap. 
The REE patterns of Basal Aravalli Volcanics are almost 
para l le l . They are LREE enriched with (Ce/Yb)n ratio ranging between 
1.65 to 3.64. Though the similari ty in the REE patterns is maintained 
over a large range of Mg number (55 to 83), there i s no increasing 
trend in the contents of total REE with decreasing Mg number or 
MgO contents. 
Despite noticeable differences in the ferromagnesian elements 
of the komatiitic and tholeiit ic rocks, the Basal Aravalli Volcanics, 
show Identical trends of incompatible elements, element rat ios and 
Rb'Ai. Due to this fact the compositions of both the rock types 
hdvo been used lor geochemical characterization and interpretation 
'ti tu'ctonic .stitting. 
In t e rms of some major and t r ace elements r e l a t i o n s h i p s 
the evolut ion of t h i s volcanic su i te seems to be compat ib le with 
s imple f ract ionat ion of o l i v i n e , c l inophyroxene and p l ag ioc l a se . 
However, the incompat ib le e lements such as Zr, Y, Nb, Ta and 
Hf. REE abundances and v a r i o u s incompat ib le element r a t i o s such 
as Zr/Y, Y/Nb, (Ce/Yb)n, (Ce/Sm)n and (La/Sm)n suggest tha t 
f ract ional c r y s t a l l i z a t i o n alone can not be cons idered the only p roces s 
which produced the present geochemical fea tures of t h e s e r o c k s . 
Some of the composi t ional v a r i a t i o n s wi th in t he se volcanics seems 
to be r e l a t e d u i t h f ract ional c r y s t a l l i z a t i o n , but o the r v a r i a t i o n s 
r equ i r e d i f fe rences in degree a n d / o r t y p e of melting involving a 
heterogeneous mantle sou rce . 
In va r ious d i sc r imina t ion d iagrams based on major, minor 
and immobile t r ace elements the Basal Arava l l i Volcanics show MORB 
aff in i ty . Hov\ j ve r , the mult i -e lement geocnemical p a t t e r n s , involv ing 
fa, Nb, La, Ce, P, Nd, Hf, Zr, Sm, Ti , Y and Yb, ind ica te t h e i r 
close aff in i ty with in i t i a l r i f t t h o l e i i t e s . Which e rup t at the t ime 
of a b o r t i v e cont inental b r e a k u p . 
The geochemical and geological ev idences suggest t he t ec ton ic 
model involving the r i f t ing of a s t a b l e c ra ton ic b lock . It is sugges ted 
that during the ea r ly Pro terozoic per iod the p r e - e x i s t i n g c ra ton ic 
block ul B.mded (jneissic {](3iii(3lox was r i f t ed . The l a v a s , d e r i v e d 
trom a t runs i t iona l ly i^nrict^iid (iiiodally uietasoinatized) sub-cont inenta l 
Uthosf)h<!r(! ascciKltid throui^h a h igh ly a t tenuated continental c r u s t , 
produced by extensional rifting and emplaced intermittantly in an 
initial interacontinental rifted basin. During tbe ascent, the magma 
,neiTiistrv .^vas controlled by simple fractionation witnin tne fractured 
ontrol conduites as magma reservoirs were not volumetrically 
important. Due to highly attenuated nature of the crust the erupted 
lavas acquired some of their chemical character is t ics closely similar 
to those extruded along oceanic r i f t s . The rift did not evolve upto 
ocean stage so taat th^ continental sediments continued to deposit 
at the site of eruption. 
Presence of komatiitic rocks with continental tholeii tes showing 
some MORB character is t ics suggest that the basal Aravalli sequence 
IS a transition between Archean greenstone belt containing abundant 
Komatiites and Phanerozoic continental tholeiitic suites in which 
komatiites are absent. It therefore, appears that "greenstone 
tectonics" probable crossed the Archean-Proterozoic boundary in 
this part of Indian Shield. 
Geochemical Studies on the Basal 
Aravalli (Lower Proterozoic) 
Volcanic Rocks Around 
Udaipur, Rajasthan 
MOHAMMAD SHAMIM KHAN 
Thesis submitted for the award of the degree of 
DOCTOR OF PHILOSOPHY in GEOLOGY 
Aiigarh Muslim University ALIGARH 
1 9 9 0 
T3958 
DEPARTMENT OF GEOLOGY 
MAHSHAR RAZA / $ ^ S ^ ALIGARH MUSLIM UNIVERSITY 
Ph .D . I t l ^ i ^ s H AL IQ A R H — 202 002 
Reader P l i .No. (0571)25bl5 
Telex:564-2JO-AM U-IN 
Dated...August 29,..1390. 
C E R T I F I C A T E 
This is to certify that the thesis entitled "Geochemical 
Studies oa^ Basal Aravalli (Lower Proterozoic) Volcanic rocks 
around Udaipur, Rajasthan" is the record of bonafide research 
carried by Mr. Mohammad Shamim Khan under my supervision. 
This work is a original contribution to the existing knowledge 
of the subject. 
Mr. Khan is allowed to submit the work for the Ph.D 
degree of the Aligarh Muslim University, Aligarh. 
fj\/<^ ^C 
DR. MAHSHAR RAZA 
Research Guide 
[N THE NAME OF ALLAH, MOST GRACIOUS, MOST MERCIFLL 
PRAISE BE TO GOD, THE CHERISHER AND SUSTAINER OF THE WORLOf 
D E D I C A T E D 
T O 
M Y P A R E N T S 
C O N T E N T S 
Page No. 
Acknowledgement 
List of Tables 
List of Figures 
List of Plates 
INTRODUCTION 
CHAPTER - I 
GEOLOGICAL SETTING 
General Geology of Aravalli Mountain Belt 
Basic Volcanism in Aravalli Mountain Range 
Geology of Nathdwara-Udaipur-Jhabua Belt 
Structure and Metamorphism 
Geochronolical Framework 
Field Occurrence of Basal Aravalli Volcanics 
CHAPTER - II 
PETROGRAPHY 
CHAPTER - III 
MAJOR ELEMENT GEOCHEMISTRY 
Sampling and Analytical Procedure 
Bulk Chemistry 
Strat igraphic Variation in Composition 
Komatiitic Affinity 
Geoctiemical Comparison with other s imilar 
Rock Suites 
Effect of Alteration 
Major bUemeat Variability 
111 
IV 
V l l 
10 
12 
17 
18 
19 
22 
26 
26 
27 
30 
34 
38 
40 
48 
CHAPTER - IV 
TRACE ELEMENT GEOCHEMISTRY 
General Statement 
Ferromagnesian Elements 
Large Ion L i thoph i l e Elements (LILE) 
High Fie ld Strength Elements (HFSE) 
Rare Ear th Elements (REE) 
CHAPTER - V 
MAGMA TYPE CLASSIFICATION 
General Statement 
Magma Ser ies Class i f ica t ion 
Major element r e l a t i o n s h i p s 
Immobile minor and t r a c e element r e l a t i o n s h i p s 
Jensen cation plot 
Tectonic Setting Class i f ica t ion 
Major and minor element p lo t s 
Immobile minor and t r a c e element d iagrams 
Geochemical pa t t e rn s 
CHAPTER - VI 
PETROGENETIC CONSIDERATIONS 
CHAPTER - VII 
TECTONIC IMPLICATIONS 
CHAPTER - VIII 
SUMMARY AND CONCLUSIONS 
54 
54 
55 
62 
64 
70 
77 
77 
77 
79 
81 
87 
90 
94 
96 
103 
111 
124 
130 
TABLES 1 to 9 
REFERENCES 
137 
159 
ACKNOWLEDGEMENT 
It gives me great pleasure in placing on record my oreatest 
sense of gratitude to the man of vision, my revered supervisor 
Dr. Mahshar Raza, Reader, Department of Geology, AMU Aligarti for 
his able guidence and encouragement. Throughout the tenure of this 
research work he was a driving force and I was able to draw on deep 
sources of energy and optimism. As a result of which the work 
got crystal l ised into a rea l i ty . 
I am also gratefully beholden to the present Chairman 
Prof. S.H. Israili and former Chairman Prof. S.M. Cashyyap, 
Department of Geology who made available every facility required 
for this work and offered their constructive advices without which 
the work would not have seen the light of the day. 
My sincere thanks are also due to the Directors of LiSIC, 
University of Roorkee and NGRI Hyderabad who very kindly allowed 
me to carry out the analytical work at their ins t i tu tes . Tie kind 
cooperation extended by Dr. S.H. Jafri, Scientist, NGRI duri 
analytical work is highly acknowledged. 
I owe a debt of gratitude to Dr. M. Aslatn for carrying 
the cartographic work involved in the thesis . Dr. Shahid Farooq 
photographed the microsections and Mr. Habeeb Ahmad providiMi 
tho best p(5ssihle resul ts . I will l)e dishonest if I do not p,iy thanks 
to t h t i i n . 
Mr. Feroz Javed is sincerely acknowledged for carr .g out 
the analytical work. 
Dr. S.R. Tyagi, Reader, Department of Zoology, Udaipur 
University and Mr. Prem Babu, Geologist, G.S.I, helped me during 
the course of the field work. Their cooperation needs special app re -
ciation. 
I extend my sincere thanks to Dr. M.I. Bhat, Dr. Talat Ahmad 
Scientists, Wadia Institute, Dehradun and to my colleagues Dr. S.H. 
Alvi, Dr. A.W. Israili , Mr. M. Safdare Azam and Mr. Ale Nabi for 
their cr i t ical suggestions regarding this work. And to them who 
are very near and dear to me, I extend my heartiest thanks. 
The credit for the typing efforts is due to Mr. Akhalaque 
Husain and Mr. H.S. Sharma. I open heartedly pay thanks to them 
for undertaking the typing work t i relessly and uncomplainingly. 
Financial assistance provided by U.G.C. is greatly 
acknowledged. 
\^ 1 V' -> -'^ ^ i 
MOHAMMAD SHAMIM KHAN 
I l l 
LIST OF TABLES 
Table 1 General geological succession of Aravalli Supergroup 
in the type area. 
Table 2 :viajor element compositions and element ratios of Basal 
Aravalli Volcanics. 
Table 3 C.I.P.W. normative compositions of Basal Aravalli 
Volcanics. 
Table 4 Range of variation and average major oxides of Basal 
Aravalli Volcanics. 
Table 5 Average major oxides of Basal Aravalli komatiitic 
rocks and tholeii tes compared with those of similar 
rock associations of the world. 
Table 6 Trace elements and element ratios of Basal Aravalli 
Volcanics. 
Table 7 Rare earth and some incompatible element analyses 
of Basal Aravalli Volcanics. 
Table 8 Range of variation and average trace elements of 
Basal Aravalli Volcanics. 
Table 9 Average trace elements of Basal Aravalli komatiitic 
rocks and associated tholeii tes compared with those 
of similar rock associations of the world. 
IV 
LIST OF FIGURES 
Figure 1 Map showing distr ibution of Precambrian rocks in 
Aravalli Mountain Belt. 
Figure 2 Simplified geological map of Aravalli Supergroup 
in the type area showing distr ibution of various 
lithological units. 
Figure 3 Normative Ne-01-Di-Hy-Q variation diagram of Basal 
Aravalli Volcanics i l lustrating the relat ive proportions 
of thec9 normative constituents. 
Figure 4 Variability of selected major elements through 
volcanic column of Eastern Belt Volcanics showing 
repeated occurrence of high MgO lavas . 
Figure 5 MgO versus CaO/Al„Oo variation diagram of liasal 
Aravalli Volcanics. 
Figure 6 A(A1 0„-K„0)-C(CaO)-N(Na 0) ternary variation diagram 
of ^ s a l Aravalli volcanics showing unaltered nature 
of most of the samples. 
Figure 7 CaO/Al„O^-MgO/10-SiOr,/100 ternary variation diagram 
of Basal Aravalli Volcanics. 
Figure 8 Molecular Proportion Ratio plots of Basal Aravalli 
Volcanics il lustrating significant redistr ibut ion of 
Na20 and K2O. 
Figure 9 SiO^ versus major oxides variation diagrams showing 
fractionation trends of various elements in Basal 
Aravalli Volcanics. 
Figure 10 Mg number versus major oxides variation plots of 
Basal Aravalli Volcanics. 
Figure 11 MgO/CaO versus principal magmatic components ( i . e . 
AUO^, TiO„ and FeO ) variation diagrams of Basal 
Aravalli Volcanics. 
Figure 12 MgO-Cr(a), MgO-Ni(b), MgO-Co (c) and Ni-Cr(d) 
variation diagrams of Basal Aravalli Volcanics showing 
sympathetically positive relat ionships. 
Figure 13 V versus Ti diagram oi Basal Aravalli Volcanics 
showing positive relationship with flattoninq of 
V at high Ti contents. 
Figure 14 
Figure 15 
Figure 16 
Figure 17 
Figure 18 
Figure 19 
Figure 20 
Figure 21 
Figure 22 
Figure 23 
Figure 24 
Figure 25 
Figure 26 
Figure 27 
Figure 28 
Zr-Y(a) and Zr-TiO„(b) covariatioi 
Aravalli Volcanics. 
ims of Basal 
Zr versus Zr/Y variation diagram of Basal Aravalli 
Volcanics showing similar trend in komatiitic rocks 
and tholei i tes . 
Chondrite normalised REE abundances in Basal Aravall i 
Volcanics showing their LREE enriched nature. 
(Sm)n versus (La/Sm)n variation diagram of Basal 
Aravalli Volcanics. 
(Ce)n versus (Ce/Yb)n diagram of Basal Aravalli 
Volcanics. 
.t. 
ternary variat ion 
diagi*am "of Basal Aravalli Volcanics showing iron 
enrichment t rend. 
A(Na 0+K20)-F(FeO )-M(MgO) 
!ra~ 
FeO /MgO versus FeO variat ion diagram depicting 
oceanic tholeii t ic nature of Basal Aravalli Volcanics. 
Y(Y+Zr)-T (TiO^xlOOj-Cr variat ion diagram showing 
komatiite-tholeiiie affinity of Basal Aravalli Volcanics. 
Zr/F_0(- versus TiO„ variation diagram showing of 
Basal Aravalli Volcanic close affinity with oceanic 
tholei i tes . 
Zr/TiO„ versus SiO„ diagram of Basal Aravalli 
Volcanics indicating their oceanic tholeiit ic charac ter . 
Nb/Y versus Ti/Y variation diagram showing close 
affinity of Basal Aravalli Volcanics with Mid Oceanic 
Ridge Basalts (MROB). 
Nb/Y versus Zr/TiO„ variation diagram of Basal 
Aravalli Volcanics showing the i r sub-alkaline nature. 
Jensen's cation ternary plot showing compositional 
variation of Basal Aravalli Volcanics from Ultramafic 
komatiite to high Fe-tholei i te . 
MgO versus A1„0T variation diagram showing komatiitic 
to Fe-tholeiit ic nature of Basal Aravalli Volcanics. 
TiO^-P 0^-K„n ternary variation diagram for Hasal 
Aravain volcanics. 
VI 
Figure 29 
Figure 30 
Figure 31 
Figure 32 
Figure 33 
TiO diagram showing oceanic floor SiO^ versus 
affinity of Basal / travall i Volcanics. 
TiO„ versus PnO^ covariation diagram of Basal 
Aravalli Volcanics showing their oceanic ridge basalt 
affinity. 
* 
Zr versus TixlO covariation diagram illustrating 
MORE affinity of Basal Aravalli Volcanics. 
_3 
TixlO versus V covariation diagram showing the 
MORB like character is t ics of Basal Aravalli Volcanics. 
Ti/Y versus Zr/y diagram of Basal Aravalli Volcanics 
indicating their ocean floor low potassium tholei i t ic 
nature. 
Figure 34 MORB-normalised multi element diagrams for Basal 
Aravalli Volcanics showing identical patterns of 
both volcanic belts and MORB normalised pattern 
of komatiitic rocks and tholeiites of Basal Aravalli 
Volcanics for the comparision. 
Figure 35 MORB normalised multielement plots of Basal Aravalli 
Volcanics compared with various tectonic sett ings. 
Figure 36 Primordial mantle normalised incompatible element 
plots of Basal Aravalli Volcanics compared with 
the basal ts of other tectonic sett ings. 
Figure 37 Nb-normalised geochemical patterns of Basal Aravalli 
Volcanics compared with the basalts of other tectonic 
sett ings. 
Figure 38 MgO versus AUO^ covariation diagram of Basal 
Aravalli volcanics showing an antipathet ic relation-
sh ip . 
Figure 39 Ti02 versus Al202/Ti02_(a)and CaO/TiO^lb) variation 
diagram showing identical trends of variation 
komatiitic 
Volcanics. 
rocks and tholeiites of Basal 
in 
Aravalli 
Figure 40 Nb versus Zr covariation diagram shovving transitio-
nally enriched nature of Basal Aravalli Volcanics. 
I N T R O D U C T I O N 
Basic magmatism has played an important role in the 
evolution of the crust since the earliest times and i t s product, 
the basic igneous rocks, are the most wide spread rocks on the 
earth at present and have been equally important throughout 
geological periods (Condie 1985). Geochemical data and experimental 
studies have pointed out that primary magmas of basic or u l t ra-
basic composition are produced by melting of more fusible 
constituents of the upper mantle which rise to the surface and 
solidify, adding, from time to time, new rocks to the c rus t . During 
the transport and storage in high level magma chambers, their 
composition is modified by subsequent differentiation processes , 
including fractional crystal l izat ion, magma mixing and crustal conta-
mination. The effect of all these processes is generally reflected 
in the chemical composition of the finally produced rocks. 
Therefore, the geochemical at t r ibutes of the observed volcanic 
suites provide insight into the history and composition of source 
region, conditions of melting, extent of melting and modification 
of primary magmas by processes operating in the period between 
generation of the magma and the emplacement of the end product. 
The gaochemical character is t ics of basic volcanic sequences, whon 
coupled with geochronological and s t ra t igraphic controls, thus 
provide a mean of evaluating geochemical and thermal evolutiion 
of mantle through time, possible mantle hotorogoneitios ,in(l 
petrogonetit: processes, liecause those factors v.iry troin onfj toctonu. 
setting to another, the basic volcanics with distinct chemical 
character is t ics are found associated with specific tectonic environ-
ment in the plate tectonic framework (Pearce and Cann 1973; Wood 
1980; Basaltic Volcanism Study Project 1981). 
Though a close relat ionship between volcanism and tectonism 
is known since a long period, the concept of plate tectonics has 
led to classify the volcanism on the basis of i t s occurrence in 
different tectonic sett ings. In th is regard the mafic volcanic rocks 
have a great significance in the sense that they have dist inct 
chemical signatures of thei r eruptive environment namely oceanic, 
continental or transitional (Pearce and Cann 1973; Floyd and 
Winchester 1975; Saunders and Tarney 1979). Such a chemical 
discrimination is possible even for altered and metamorphosed 
volcanics {Cann 1970; Pearce and Cann 1973; Field and Elliot 1974; 
Floyd and Winchester 1978; Pharaoh and Pearce 1984). 
These rocks, which may potentially yield informations 
about the e a r t h ' s mantle and crust subsequent to Ca. 3.8 b . v . , 
are preserved in geological records representing various episodes 
of the e a r t h ' s h is tory . The Precambrian volcanics, which charac te-
r is t ical ly constitute major components of Archean greenstone belts 
and Proterozoic mobile belts can provide useful informations 
on evolution of crust and mantle during such long span of time. 
The Archean volcanics of greenstone belts have become 
the subject of intensive geochemical and Isotopic studies ever 
since the remarkable discovery of peridoti t ic lavas in the Barberton 
Mountain Land (Arndt and Nisbet 1982). But the Proterozoic volcanic 
sequences received considerable attention only during recent years 
(Pharaoh et al.1987a, b) .Although, Archean greenstone belts are 
characterized by repet i t ive predictable s tyle of volcanism the 
Proterozoic volcanic sequences show great d ivers i ty in thei r 
chemical composition. A possible reason for th is d ivers i ty may 
be that these volcanic sequences were generated in contrast tectonic 
set t ings. Previously the Archean greenstone belts were thought 
to reflect distinct tectonic setting limited to Archean. But with 
recognition of komatiitic magmas in Proterozoic sequences ( e . g . 
Hynes and Francis 1982; Arndt et a l . 1987; Baragar and Scoates 
1987; Pharaoh et al.( 1987a,b) and with addition of modern data based 
studies on Archean and Proterozoic volcanic sequences, it is now 
being felt that "greenstone" tectonic setting probably continued 
well into the Proterozoic (Rickard 1987; Condie 1989). However, 
the Proterozoic komatiites are less magnesian than the i r Archean 
antecedents and they apparently disappear by the end of 
Proterozoic. These changing character is t ics may provide an 
important clue to understand the thermal his tory of the ea r th . 
Did these rocks evolve through same processes as those of ArcheanS? 
and if so, why the early Proterozoic komatiitic associations are 
not as abundant as those of Archeans? These are the questions 
which can at least par t ia l ly be solved by extensive studies on 
Proterozoic volcanic sui tes . 
since the formation of ear th , the upper mantle has been 
a constant source of magmas, adding new rocks to the crust and 
giving off water vapours and other gases which contribute to make 
up the oceans and atmosphere. In this manner, the mantle appears 
to be an unlimited reservoir of elements which has been replenished 
throughout the geological time. The geochemical studies on mantle 
nodules (e .g. Frey and Green 1974) and basaltic rocks (Sun et a l . 
1979; Wood et a l . 1979) indicate that the upper mantle may have 
undergone depletion and enrichment events throughout the e a r t h ' s 
h i s to ry . The basalt ic rocks showing good distr ibution through 
time and space, provide an excellent opportunity to understand 
the mantle character is t ics through ages. The study of their chemical 
composition has been used to estimate the secular changes in mantle 
composition and also as a constraint on thermal evolution of the 
mantle (Glikson 1971, 1976; Sun and Nesbitt 1977; Naqvi 1979; 
Condie 1985). Tn3 isotopic data suggest that large quantity of 
continental material recycled back into the mantle (Allegro and 
BenCXhrnan 1980; De Paolo 1983). The subduction of oceanic l i thos-
phere provides a possible mechanism for recycling of material . 
However, the existence and role of plate tectonics in geological 
past is another important problem faced by Precambrian geologists. 
How far back into the earth his tory the concept of plate tectonic 
can be validly applied is currently the subject of much discussion. 
The possible role of plate tectonics in the Proterozoic has received 
much attention in recent years (Kroner 1981; Schweitzer and Kroner 
1985; Condie 1986, 1989). 
In al l these aspects the geochemical studies on Proterozoic 
volcanic rocks have become a focus of global importance as they 
provide useful opportunity to understand the progressive changes 
of geological processes across the Archean-Proterozoic boundary. 
In India, the Aravalli-Delhi belt which borders the north 
western marging of Indian shield , preserves one of the best 
developed Proterozoic sequence of the Indian subcontinent (Figure 1) . 
Though considerable work has been done on i t s geological framework, 
structure, metamorphism, geochronology and sedimentation (Heron 
1953; Chaudhary et a l . 1984; Mohanty and Naha 1986; Roy 1988; 
Sharma 1988; Singh 1988), the origin and evolutionary history 
of this great belt , even today is not fully understood and 
reconstruction of sequences of geological events is s t i l l an enigma. 
In this region along with different types of metasediments, there 
exist numerous occurrences of basic volcanics, which represent 
various Proterozoic episodes of Aravalli h i s to ry . These volcanic 
sequences have not received due attention although they provide 
an excellent opportunity to investigate the petrology and 
geochemistry of rocks of th is age. Such investigations may prove 
fruitful to solve the problems related to Proterozoic magma genesis 
and eruptive environment. These rocks are often extremely well 
exposed and their metamorphic grade and degree of alteration 
is generally low. The present study is an exquisite attempt to 
visualize the chemical character is t ics of Lower Proterozoic volcanic 
rocks occurring at the base of Aravalli Supergroup in the type 
area of N-athdwara-Udaipur-Jhabua belt in south-eastern Rajasthan. 
Although detailed informations of geology and s t ra t igraphic positions 
of these volcanics are available in l i terature (Cupta etal.1980; Roy 
and Paliwal 1981; Roy et a l . 1988), the detailed geochemical data 
are not available elsewhere. The present study provides for the 
first time the detailed geochemical data on these rocks and u t i l i ses 
it to draw petrological and tectonic conclusions. It is hoped that 
the complex history of Aravalli region can possibly be deciphered 
with detailed work of this t ype . The present study may contribute 
to form a basis for the construction of a model for the tectonic 
evolution of this area that may ultimately help to understand the 
architecture of other Proterozoic mobile be l t s . 
The work is presented in seven chapters : Chapter I deals 
with geological setting of the area alongwith the age and field 
characterist ics of Aravalli Volcanics. In Chapter II the petrography 
of Aravalli Volcanics is discussed and an attempt is made to 
understand the mineralogical and textural features of these rocks . 
In Chapter III, major element composition of Aravalli Volcanics 
are discussed. Chapter IV deals with distr ibution of trace elements 
and rare . earth elements. In Chapter V various methods are used 
to classify the magma types in terms of magma ser ies and 
tectonic .set t ing. In Chapter VI, major elements, trace elements 
and rare earth elements are used to elucidate the genesis and 
evolution of the studied volcanics. In Chapter VII, the geochemical 
data along with geological evidences are used to elucidate the 
environment of eruption of these volcanics and associated tectonic 
events in the early his tory of Aravalli sequence. A summary of 
the work and conclusions are presented in Chapter VIII. 
CHAPTER - I 
GEOLOGICAL SETTING 
General Geology of Aravall i Mountain Belt 
The Aravalli mountain bel t , bordering nor th-western margin 
of Indian shield , runs from north of Delhi to l i t t l e north of 
Ahmedabad in the south (Figure 1) . It is made up pr inc ipa l ly of 
three tectonostratigraphic units and a host of grani t ic , mafic and 
ultramafic instrusions. The oldest unit is the Banded Gneissic Complex 
(BGC 3500 m.y.-2500 m.y. ) which serves as basement of Proterozoic 
supracrustal rocks of Aravalli and Delhi fold b e l t s . It is 
a heterogeneous rock assemblage including amphibol i tes , no r i t e s , 
metagabbros, granites and the metasediments. In a Geological Survey 
of India map (Gupta et a l . 1980), the Pre-Aravalli rocks have been 
grouped under the Hindoli Group (metagreywackes, basic volcanics 
and semipel i tes) , Mangalwar Complex (mostly gneisses) and Sandmata 
Comlex (mostly granulite facies rocks ) , the lat ter two complexes 
forming the BGC. The remaining two units are the supracrus ta l cover 
rocks of Aravalli Supergroup and Delhi Supergroup. The Aravall i 
Supergroup (2500 m.y.-2000 m.y.) consisting predominantly of g rey-
wackes, or thoquartzi tes , carbonates and the inetabasics at the tiase. 
The Delhi Supergroup (2000 m.y.-1200 m.y.) consists predominantly 
of shallow water nKitaseduuonts with metavolcanlcs at dif terent 
stratigra[)hi(; levels . 
AMMAOABAO 
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Fig . 1 . Map showing d i s t r i b u t i o n of Precainbr ian rocks in Arava l l i 
Mountain Belt (After Sharma 1988) 1-Banded Gneissic Complex 
and f3erach ( jranite 2 -Arava l l i SufJorqir(,'ip J - Delhi Super^roui) 
4- ( i rani t ic r o c k s . 
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Although, the distr ibution, mutual correlation and internal 
s t ra t igraphy of these units are s t i l l being debated yet there 
appears a general consensus among the workers on the Banded 
Gneissic Complex forming the basement of younger Proterozoic 
supracrustal sequences. Available radiometric dates confirm that 
the Banded Gneissic Complex is Archean in age (Chaudhary et 
a l . 1981 • MacDougall et a l , 1983). The Aravalli rocks occur in 
several distinct belts within the BGC such as Pur-Banera, Dariba-
Bhinder and similar belts (Sinha-Roy 1988). The best developed 
and undisputed Aravalli sequence occurs around Udaipur where 
it constitutes an inverted V-shaped belt between Nathdwara in 
the north to Jhabua in the south (Figure 1) . This belt has been 
considered as the type area of Aravalli Supergroup. 
Basic Volcanism in Aravalli Mountain Range 
The basic volcanic rocks in Aravalli mountain ranges 
show a character is t ic distr ibution pattern through time and space. 
In th is region the earl iest phase of basic magmatic event is 
represented by early Archean (3.5 b . y . MacDougall et a l . 1983). 
The geochemical studies of amphibolites which occur as irregular 
bands and lenses in the BGC indicate that they are tholei i t ic 
in nature. 
The next phase of volcanism is marked by the presence 
of early l^r(Jtt"!rn/.oic metavolcanic rocks occurring at tho base 
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of Aravalli Supergroup. These volcanic rocks which i re the 
subject of present study, are best exposed around Ldaipur area 
where they occur intercalated with quartzites and other shallow 
water low grade metasediments. A few major element analyses 
on these rocks indicate a range in chemistry from continental 
tholeiites to ocean floor basalts (Coel 1988). This early 
Proterozoic volcanic act ivi ty appears to have been followed by 
emplacement of ultramafic bodies which are well exposed around 
Rakhabdev {24°5': 73°42') , Antri (23°44': 73°50') and Gaon Guda 
(25°00': 73°40') areas , west of Udaipur. 
In Delhi Supergroup of rocks, the basic volcanics have 
been noted at two strat igraphic levels . The older lavas of Delhi 
Supergroup are found at the base of Alwar Group and are best 
developed in Bayana area of NE Rajasthan. The maximum thickness 
of lavas is about 100 m comprising 18 flows (Singh 1982). The 
volcanic flows are intercalated with quartzite and other shallow 
water sediments showing their probable eruption in the continental 
set up. Their major element chemistry suggests a range from 
basalts of continental nature to oceanic nature (Singh 1985). 
The next younger phase of predominant volcanic act ivi ty 
appears more intensive in nature as indicated by i t s reasonably 
wide occurrence along a linear belt approximately 450 km long 
and upto 30 km of width extending uninterrupted from Khetri 
to Deri-Ambaji. The volcanic rocks occur as intercalated flows 
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with shallow water sediments of Ajabgarh Group. Beside the 
volcanics, the belt intermittently also has isolated occurrences 
.if ultramafic rocks. These rocks have been assigned as ophiol i t ic 
sequence by some eminent workers including Sinha-Roy (1988) on 
the otherhand Bhattacharjee et a l . (1988) have noted a bimodal 
nature of th i s volcanic act ivi ty indicated by the occurrences of 
basic and acid volcanics along a linear belt running for a long 
distance to the soutti of Ajraer. 
The youngest mafic volcanics in th is region are minor 
basic components associated with 740 m.y. old Malanirhyolites 
(Srivastava 1988). These rhyol i tes occur al l along the length 
of western margin of Aravalli mountains. 
Geology of Nathdwara-Udaipur-Jhabua Belt 
Though generalised geological fromework of th is belt 
has been given by many workers (Heron 1953, Raja Rao et a l . 
1971; Naha and Halyburton 1974; Gupta et a l . 1980; Roy and Paliwal 
1981; Roy et a l . 1984; Roy 1985), the detailed s t ra t igraphic 
evolution of the basin has been worked out by Roy et al (1988) 
who established the geological succession as given in table 1. 
This belt exhibi t s two contrasting lithofacies associations, a plat -
formal facies with volcanics at the basal part along the eastern 
margin and a carbonate free deep-water shale sequence with thin 
bands of arenites in the west. The oldest unit of the Aravalli 
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sequence has been referred to as Delwara Formation. The rocks 
of this formation crop out mainly along two sub-paral le l belts 
(Figure 2) . The eastern belt of rocks form a narrow s t r ip between 
the out crop of Banded Gneissic Complex to the east and Debari 
Formation to the west. The second belt, which is smaller than 
the eastern belt , runs between Madar and Kharpina to the west 
of Udaipur. The sedimentation of Aravalli Supergroup s tar ted with 
the deposition of thin unit of quartz pebble conglomerate lying 
unconformably over BGC. The unit at some places is underlain 
by pockets and lenses of high aluminous metasediments (now occur 
as pyrophyl l i te) which are considered to be a possible metamor-
phosed paleosole (Roy and Paliwal 1981). The conglomerate which 
is well sorted and clast supported, some times grades into clean 
washed quartzi te . The quartzite beds are intercalated with 
metamorphosed basic lava flows and possible minor tuffs. Westward 
from the contact of the basement rock the metavolcanics become 
more dominant member of the formation showing intercalations of 
thin beds of calcareous quartzi te , ortho - quartzi te , carbonate and 
argi l l i t ic phy l l i t e . At some places conglomerate and boulder beds, 
with pebbles and boulders of various sizes embedded in a matrix 
of metabasic rocks, occur as impersistent bands. Heron (1953) 
considered these as stream deposits on the surface of lavas and 
tuffs. 
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Fig. 2. Simplified geological map of Aravalli Supergroup in the type 
area (After Roy et a l . 1988) stiowing distribution of various 
lithological units. 1- Banded Gneissic Complex {Pre-Aravalli 
basement rock) 2-Delwara Formation: basic volcanics and quartzi te 
3- Jbamarkotra Formation: quartzi te , carbonates, carbonaceous 
and argillaceous phyll i tes 4- Udaipur Formation: greyvvackes 
5- Debari Formation: conglomerate-arkose-quartz 6- Macbhalmagra 
Formation: quartzite and quartz phyl l i te 7- Deepwater sediments: 
micaschists, phyll i tes and thin bands of quartz 8- Ultramafic 
intrusions 0- Delhi Supergroup 10- Faults . 
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The younger Jhamarkotra Formation is a phosphate bearing 
carbonate dominated sequence which often overl ies d i rect ly on 
the gneissic basement. Some times the basal volcanic - quartzi te 
sequence appears to pass gradually into the carbonate sequence. 
However, the ochreous caps of the green sch i s t s , which appear 
to be a product of residual weathering, indicate a hiatus between 
these two formations. The dolomite-limestone (or marble) of th is 
formation show lithofacies changes to quartzite (quartz a ran i te ) , 
argillaceous dolomite, carbonate phyll i te (black shale) and mica 
phyl l i t e / sch is t . The remarkable feature of this sequence is the 
presence of stromatolitic phosphorite which forms a persis tent 
horizon in Udaipur Valley (Nagori 1988). At places, where th is 
formation l ies d i rect ly on the basement rocks, conglomerate and 
quartzite are found at the basement cover interface. 
The Upper Aravalli Group is separated from Lower Aravalli 
Group by a zone of red beds and conglomerate representing an 
unconformity. The most extensively developed formation of the 
Upper Aravalli Group is the Udaipur Formation,consisting of rhythmic 
sequence of greywacke-phyll i te which laterally passes into a more 
massive type of l i th ic arenite without any phyl l i te par t ings . Due 
to lack of direct contact between greywacke-phyll i te- l i thic areni te 
of Udaipur Formation and conglomerate-arkose-quartzite of Debari 
Formation, their s t ra t igraphic relationship is not clear. However, 
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it has been suggested that they have been deposited contempora-
neously in distal par ts and proximal areas respectively (Roy and 
Paliwal 1981). 
In the Zawar region, the Udaipur Formation succeeds 
upwards into a phosphate free dolomite sequence which has rich 
lead-zinc deposits of Broken Hill type mineralisation (Rickards 
1987). However, in Udaipur area the Udaipur Formation is d i rec t ly 
overlain by a quartzite -quar tz i te phyll i te sequence named as 
Machhalmagra Formation. In the Zawar region, the Tidi Formation 
comprising quartzi te , phyl l i te with interbeds of dolomite limestone 
and quartzi te , l ies over Machhalmagra Formation but is surpr is ingly 
found absent in the Udaipur area. 
The presence of stromatolite, frequent changes in l i tho-
facies from carbonate to orthoquartzite and presence of many 
sedimentary structures l ike r ipple marks, cross bedding and mud 
cracks are the features indicative of a shallow water depositionai 
environment. Other sedimentary structures which are abundantly 
found are load casts , convolute bedding, pseudomudcracks, sole 
marks, flaser and lenticular bedding. 
The sequence of rocks occurring in the west of Madar-
Kharpina line (Figure 2) consisting of mica schis t s , phy l l i t e , 
thin persistent beds of quartzite and numerous ultramafic bodies 
are considered to roprosont the deep sea facies .issociation ot 
Aravalli Supergroup (Roy and Pali'.val 1981; Sharma and Roy 198oi. 
The relationship of metasediments with the ultramafic bodies is 
not clear. Some workers have considered these ultramafics as 
a part of ophiolitic sequence (Sen 1981; Sinha-Roy 1984). However, 
other workers (Ktyetal-IBBB) consider their emplacement in a rifte i 
basin contemporaneous with sedimentation. 
Structure and Metamorphism 
The Aravalli rocks show a complex deformation h i s to ry . 
The metasedimentary rocks including associated metavolcanics were 
involved in three main phases of folding generally referred to 
as AF , AF^ and AF^ (Roy et a l . 1971; Naha and Halyburton 1977; 
Roy 1988). In addition to these folds, a set of flat-lyino, small-
scale folds and crenulations has developed sporadically in the 
rocks (Roy 1973). Besides these phases of folding a number of 
ductile shear zones and br i t t l e faults have affected the outcrops 
(Roy et al.l98();Roy 1985). The structure of the rocks of the region 
is primarily the result of superposition of folds of different scale 
produced during first two phases of folding (AF and AF„). Later 
told movements (AF^ and AF.) were less penetrative in nature 
and produced mostly small scale folds and kink bands (Roy 1973; 
Naha and Halyburton 1974). The earl iest deformation which w.is 
the most penetrative in n.ituro produced a series e)f isoclin.ii tolds 
with variable attitudes of axial planes. The trend of these foi'is 
'.vas roughly east-'A'est. A penetrative schistosity appears to ha-." 
been developed in the rocks during this folding movement. The 
AF^ deformed the early structures,pre-exist ing folds, schistosity, 
and lineations and produced folds which are exposed e i ther in 
upright position or have very steep dip of their axial planes. 
The AF folds which refolded both the AF and AF folds, have 
subvertical axial planes with east-west or west-northwest and 
east-southeast s t r ikes . 
All the phases of deformation noted in the Aravalli rocks 
are generally correlated with two different orogenic movements-
the Aravalli and the Delhi orogeny (Naha et a l . 1966; Chaudhary 
et a l . 1981; Gopalan 1984). In the type area of Udaipur, the 
Aravalli rocks have undergone very low grade of metamorphism 
of greenschist facies. Moreover, in some other areas the grade 
of metamorphism reaches upto amphibolite facies (Sharma 1988). 
In general the Aravalli supracrustal rocks are metamorphosed to 
low to medium grade, although the overlying formations of Delhi 
Supergroup and underlying rocks of Banded Gneissic Complex are 
generally metamorphosed to higher grade amphibolite or granulite 
facies. 
Geochronological i'Vamework 
linn-i; I •, 110 ii-"li,il)ln radiomotr i i , ago d.ita on t h e dura t ion 
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and the deposi t ional ep i sodes of Arava l l i sequence (Goplan I j . 4 ) . 
The la te phase g ran i t e s in the basement rocks of the BGC tLn;^!^ 
and Gingla grsni te j g ive Rb/Sr whole rock i sochron-age of 
2950 t 150 m.y . iChaudhary at a l . 1981] . Berach grani te i s da t ed 
as 2500 m.y . (Crawford 1970) and 2600 m.y . (Chaudhary et a l . 
1984) by Rb/Sr methods . Thus , t h e 2500 m.y . modal age of Berach 
g ran i t e (Crawford 1970) i s the youngest r epo r t ed age in t h e P r e -
Arava l l i r ocks . The Darwal Grani te which i s be l i eved to h a v e 
been emplaced during the e a r l i e s t deformation of the Arava l l i 
r o c k s (Naha et a l . 1966) i s da ted as 2000 m.y . old by Rb/Sr 
methods (Gopalan 1984). On the b a s i s of t h e i r geochronological 
da t a , Sas t ry et al (1984) i n f e r r ed that Arava l l i Supergroup i s 
E a r l y Proterozoic (2500-2000 m . y . ) . The assumption tha t the 
Arava l l i sedimentat ion post da t e s 2500 m.y . i s based on the 
p o s s i b l e 2500 m.y . age of P r e - A r a v a l l i Berach g r a n i t e . The re fo re , 
the volcanic rocks occurr ing at t h e base of Arava l l i sequence 
a r e considered as-—'2500 m . y . o ld . 
Field Occurrence of Basal Aravall i Volcanics 
The metavolcanics at the base of the Arava l l i Supergroup , 
which mark an Harly Proterozoic mafic magmatic event in Rajas than, 
(K;cur in two almost p a r a l l e l b e l t s . F i r s t and more deve loped bel t 
runs between Nathdwara (45^56' : 73^49 ' ) and Salumber (24^n0 '54" : 
/ r " l 2 ' ) in the cast of l ldaipur c i t y . Good exposu re s of volf;anics 
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in this oelt occur at Delwara (24^47' : 7 P 4 5 ' ) after which t i ey 
nave been fonnally named as Delwara Formation (Roy et a l . 19c8_i. 
In Delwara region the volcanics of th is belt show their development 
along two subparallel exposures bordering an arcuate s l iver of 
BGC (Figure 2) . The second belt of volcanics runs between Madar 
(24°39'42" : 73°39') and Kharpina (24°22'6" : 73°39'6") in the 
west of Udaipur c i ty . Volcanics of th is belt show thei r best 
development near Bari Lake, after which they have been nam.ed 
as Bari Lake Formation by Gupta et al (1980). 
On the basis of strong lithological similarit ies and the i r 
field occurrence, Roy et al (1988) considered the two bel ts as 
contemporaneous. However, the volcanic rocks occurring in the 
western belt have been placed at slightly higher s t ra t igraphic 
level in Geological Survey of India map (Gupta et a l . 198U) .Due to this 
uncertain s trat igraphic status of Western volcanic rocks, the rocks , 
from east and west of Udaipur city are referred herein as Eastern 
Belt Volcanics (EBV) and Western Belt Volcanics (WBV) respect ively 
and togather they are referred to as Basal Aravalli Volcanics. 
These volcanics comprise various flows with minor 
pyroclastic layers . They have generally been metamorphosed upta 
the grade of t^reenschist facies and their extrusive nature is only 
attested by occasion.iUy [jre^ervod amygdaloidal lavas. Th(.' 
ainygduhjs an^ mostly (.oiriposod of cjuartz and calci te. They have 
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commonly e iapsoidal ^hape ranging from less thafi 1 cm to : j .\ 
cm in len^tn. Such amygdaloidal layers are extremely impersistt nt 
and do not nelp in counting the number of flows. The different 
flows can only possibly be distinguished on the basis of inter-
calated metasediments. The thickness of individual flow var ies 
from one metre to several metres. The thickness of flows 
increases and that of quartzite beds decreases with the younging 
of this basal Aravalli FDrmation. Some basic bands, appear to 
be metatuffs that often contain abundant garnets with syn-to post-
tectonic characters . 
At most of the places, the volcanics appear to be 
phyl l i t ic and the only distinguishing feature is the long dark 
patches of deformed vesicles and amygdules "flattened along the 
plane of schis tosi ty . In more al tered rocks, the presence of quartz 
and chlorite veins is a common feature. However, there are also 
some flows which show highly developed vesicular s t ructure . !n 
certain flows large elongate and needle shaped crys ta ls (upto 3 
cm long) of actinolite are abundant with random to sub- parallel 
orientation and give a reminiscense, though not identical , of 
spinifex. 
CHAPTER - II 
P E T R O G R A P H Y 
The field character is t ics of Basal Aravaili Volcanics na^-e 
been discussed in the preceding chapter . Petrographically tne 
rocks of the two belts display uniform mineral assemblages and 
textural relations. They are greenish to dark green coloured, fine 
to medium grained rocks which generally possess schistose s t ructure . 
Since the Aravaili sequence has suffered low grade regional 
metamorphism, the Basal Aravaili Volcanics are generally composed 
of typical greenschist facies mineral assemblages. The growth of 
metamorphic minerals has generally obliterated the prist ine 
mineralogy and magmatic textures . Generally the schistosi ty is 
well marked by preferred dimensional orientation of chlor i te , 
actinolite and/or hornblende. Despite such nervasive recrys ta l l iza-
tion, some relict minerals, vesicles or am/gdules (Plate lai ind 
igneous textures par t icular ly , opait ic ones are some tims preserved . 
Fhey indicate that originally these metavolcanics are holocrystal l ine 
rocks showing both aphyric and porphyr i t ic charac ter i s t ics . 
The major constituent minerals of these rocks are actiuo-
lito <ind chlorite with small laths of [jlat^ioclase ^ (3pidote 
and often hornhlonile. The accessories include carbonate, (juartz, 
clinozoisito, s[)hene and iron-titanium minerals whu;h occur tliroui^ii-
oiit in variablt! .naoiints. Tiio primary minerals which tiavti mana^ ^Ml 
Plate - la Microphotograph of an amygdule possessing quartz, calcite 
and clinozoisite as infillings. 
Plate - l b Microphotograph showing alteration of pyroxene to 
amphibole. 
Plate 1 
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to s e r v i v e ( p a r t i a l l y or fully) include pyroxene and p l a o i o c l a s e . 
Pyroxenes: Ccnmon c l inopyroxene s e r i e s compris ing a e g i r i n e , 
aeg i r ine - augite and aug i te , i s found in some micro s e c t i o n s . 
C r y s t a l s of aegi r ine and aeg i r ine - augi te sfiow perfect two set 
c l eavage . The brown coloured v a r i e t y of aug i te , though r a r e , b e a r s 
one set c leavage . The pseudomorphs of c l inopyroxenes a r e not 
uncommon, which a p p e a r to have been r ep laced by t h e i r a l t e r e d 
p roduc t s l ike amphibo les and e p i d o t e (P la te l b j . The py roxene 
c r y s t a l s occur as p h e n o c r y s t s as well as ground mass . They a r e 
genera l ly euhedra l to s u b h e d r a l in h a b i t and pos s e s s l ight green 
to green colour . 
Plagioclase: The l a t h s of p lag ioc lase show exce l len t p o l y s y n t h e t i c 
twinning. They occur as p h e n o c r y s t s a s well a s in the form of 
groundmass and bear s u b o p h i t i c r e l a t i o n s h i p with pyroxenes and 
amph ibo le s (Pla te 2 a and b j . P lagioclase of l a b r a d o r i t e to andes ine 
composi t ion is usual ly the most abundant [iiineral, but a l t ) i te and 
ol igoclase v a r i t i e s of (Uagioclase are a l so found in notable amount 
in somu r o c k s . Majority of p lag ioc lase fc ldsp. i rs show inark(3d 
sai issur i t i / .a t ion effect which is ind ica ted bv i n v a r i a b l e re[)lai;ei;ient 
of [)iai3io(;lase to t^pidote, c l inozo is i l e ,uid si3rii:ito. The l a ' h s ot 
i)lagioi;l,roe otton s t r ' ik inglv pos se s s forkinl end.s. 
Plate - 2a Microphotograph showing plagioclase crystals sorrounded 
by needles of amphiboles. 
Plate - 2b Microphotograph showing laths of plagioclase. The 
saussuritization of plagioclase laaths is also seen. 
Plate 2 
• * o r - -
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Amphibole: -linerals 'ieiunging to arnphibole family share n.djor 
part of mineralogy of tnese metavolcanics. They are repre^ent-^: 
by actinolite-tremolite series and hornblende. However, actinolite 
is a dominant constituent. The amount of actinoli te-tremolite varies 
widely, but in all case they generally form major constituent 
and occur in the form of xenoblastic to porphyroblast ic elonjatec 
c rys ta l s . Majority of high magnesian rocks of the Basal Aravalli 
Volcanic sequence are ocassionally almost fully made up of act inoli te-
tremolite. The textural relationship of minerals suggest that 
actinolite was formed by uralitization of pre-existing pyroxene 
with concommitant break down of clacic plagioclase to sodic plagio-
clase. Presence of ilmenite, rutile with fibrous hornblende, epidote 
and clinozoisite suggests the retrogression of pyroxene to amphibole 
by urali t ization. 
The crystals of hornblende are euhedral to subhedral 
green in colour and show pronounced pleochric scheme, charac-
ter is t ic of hornblende (X-pale yellow and brown, Y-light '^reen, 
Z-dark green, Z C = 27°). The basaltic hornblende (basalt ine) 
is also seen in some rocks having one set cleavage and hrown 
colour. In some rocks, the long prismatic crystals of hronblende 
are seen to penetrate each other 
Chlorite: It is another major secondary constituent ot thi.'so .ict i-
volranics. It (jcciirs in ttn; tonn of small fl.ikes to slightly i ' l i i i i4a ' ! 
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prisms showing preferred orientation in the direction of schis tos i ty . 
The crystals of chlorite are pale green to green coloured, faintlv 
pleochroic with prussian blue interference colour. 
Epidote: It i s also a common mineral of these metavolcanic rocks . 
The amount of epidote var ies according to the severi ty of metamor-
phism. The crysta ls of epidote are generally zoned in nature showing 
progressive iron erinchment towards core. 
Quartz: It occurs as small, i r regular , inequant grains and shows 
considerable variation in modal amount. Preferred alignment of 
flattened grains of quartz with actinolite and chlorite flakes define 
schistosity in these metavolcanics. 
Carbonate: Some samples of Basal Aravalli Volcanics show adequate 
amount of carbonate c rys t a l s . Euhedral c rys ta ls of calcite are 
commonly seen. However, most of the time, the crys ta ls of calcite 
occur as infilling in the ves ic les . 
The amygdules generally possess the mineral composition 
comprising quartz, clacite and clinozoisite. The shear planes mark 
the crystal l isat ion of clacite and quartz. 
fhe minor and accessory minerals in these volcanics 
include zoisite, clinozoisite and opaques like ilmenite (Sh.ides 
of yellow in black colour), ruti le (brownish r e d ) , occasional 
sphene (light shades of yellow) and magnetite (b lack) . 
CHAPTER - III 
MAJOR ELEMENT GEOCHEMISTRY 
Sampling and Analytical Procedure 
Samples for this study were collected primarily along 
a number of closely spaced t raverses across eastern and western 
belts of volcanics. A total of 400 samples were collected 
comprising 78 samples from western belt and 322 samples from 
eastern belt . Special care was taken in the selection of samples. 
Weathered outcrops were outrightly rejected. Samples were 
collected only from fresh or freshest looking outcrops. These 
samples were studied under microscope. After rigorous thin 
section study, only seventy five samples were finally selected 
for their chemical analyses. These selected representative samples 
are such that they cover entire study area. 
Finally selected samples (64 of EBV and 11 of WBV) 
were crushed to 30 mesh. Then all the fragments which were 
free from any secondary mineral association were handpicked. 
These SO mesh fragments were then powdered to -200 mesh size. 
This powder was then dried in the oven at lOQ-^ C to eliminate 
any hygroscopic moisture content. 
In the [^reparation of sohition A and solution H, technicjuos 
of Shapiro and Hr.mnock (1962) and Shapiro (1975) were employed. 
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The solution B was made by treating dried rock powder with 
HF, HCl and HNO^. Solution A (for analysing SiO^ and Al^O^) 
was made in nickle crucible using sodium hydroxide pel lets 
and treating it with 0.1% HCl. 
Elements SiO„, Al^O^, TiO^ and P 0- were analysed 
by spectrophotometer ( Lamda 3V, U.S.A. Perkin Elmer). Atomic 
Absorption Spectrophotometer (GBC-902 Australia) was used to 
analyse Fe„0^, CaO, Na„0, MgO, K„0 and MnO. Ferrous iron 
was analysed using potassium dichromate as t i trant and diphenyla-
mine sulphonate as indicator. 
All the analysed samples were standardised against 
International reference rock samples, AGV-1, BHVO-1, W2, GSP-I 
and BM. To avoid any error double and t r ip le runs were made 
taking different samples from the same specimen powder. The 
precision limits of analysed elements, calculated from international 
reference rock sample is given in Table 2. 
Bulk Chemistry 
Complete major element analyses, performed on s ix ty 
four samples of EBV and eleven samples of WBV are given in 
Table 2. These analyses are presented in order of decreasing 
MgO content. CIPW norms have been computed for all the samples 
and are presented in Table 3. The range of variation and 
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averages of v a r i o u s major ox ides of both the volcanic su i t e s 
are given in Table 4 . 
It i s ev iden t from Table 2 and 4 tha t most of t h e 
elements show a l a rge v a r i a t i o n in t h e i r con ten ts . For example 
SiO„, which p l a y s a dominant r o l e in de terminat ion of v a r i o u s 
rock t y p e s ranges from 45.06 pe r cent to 57.01 p e r cent ( excep t 
sample No. DB 6 which h a s a h i g h e r va lue of 60.22 p e r cent) 
and ave rages at 49.53 p e r cent in EBW and 49.31 p e r cent to 
52.71 p e r cent (average 50.43 p e r cent) in WBV. Another 
important e lements which show signif icant v a r i a t i o n s a r e MgO 
and A 1 „ 0 T . In EBV the MgO content v a r i e s from 1.62 p e r cent 
to as h igh as 19.86 p e r cent ( average 9.29 p e r c e n t ) . In WBV 
it v a r i e s from 4.23 p e r cent to 19.91 p e r cent (average 13.18 
pe r c e n t ) . About fifty pe r cent samples of Eas te rn Belt 
Volcanics contain MgO > 9 pe r cent on the o t h e r hand most of 
the samples of Western Belt Volcanics possess more than 9 
per cent MgO. Four samples of EBV and two samples of WBV 
possess MgO content > 18 pe r cen t . In both t h e s e volcanic b e l t s , 
WBV a p p e a r s to be more MgO en r i ched than EBV (Table 2 ) . 
A 1 „ 0 T which i s an e s sen t i a l s t r u c t u r a l const i tuent of 
many pyrogene t ic minera l s , v a r i e s between 6.28 pe r cent and 
20.30 pe r cent ( average 13.00 pe r cent) in EBV and 7.49 p e r 
cent to 16.55 pe r cent (average 11.19 per cent) in WBV. The 
former a p p e a r s more enr iched In A1„0-, than l a t t e r . Because 
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A1„0T is considered to be immobile or less mobile element with 
a part ial ly incompatible behaviour (Condie 1985), th is large 
variation appears to be a significant feature. 
The K„0 and Na„0 exhibit different geochemical 
behaviour in geological processes, therefore, are considered 
important petrogenetic indicators (Engel et a l . 1974). However, 
there is a general consensus that these elements are quite mobile 
during post igneous processes (Coish 1977; Humphris and 
Thompson 1978). K^O content ranges between 0.13 per cent and 
1.95 per cent (average 0.65 per cent) in EBV and 0.11 per 
cent to 2.84 per cent (average 0.63 per cent) in WBV. The 
abnormally high K„0 content in few samples seems to be a result 
of post igneous al terat ions. Though many of the samples in 
both the volcanic suites have less than 4 per cent Na„0 also 
high Na„0 samples are not uncommon. The Na„0 content ranges 
from 0.60 per cent to 5.49 per cent (average 3.16 per cent) 
in EBV and 2.07 per cent to 4.57 per cent (average 3.42 per 
cent) in WBV. The high contents and unsystematic dis t r ibut ion 
of alkalies possibly indicate their modification in the post 
igneous period. 
The minor elements TiO„, P^O^ and MnO, which are 
considered to be less effected by alteration processes are 
of great petrogenetic significance, (Chayes 1964; Winchester 
and Floyd 1976; Mullen 1983) show more or less uniform variation 
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in Basal Aravalli Volcanics (Table 2) . 
Norraatively, the rocks show general absence of quartz 
or posses negligible values. Average normative Albite i s about 
19,35 per cent in EBV and 20.15 per cent in WBV. Twenty nine 
samples (45 per cent) of EBV and nine samples (81 per cent) 
of WBV contain nepheline in their normative composition. Olivine 
is an essential normative constituent of WBV (average 18.62 
per cent) and it is found in fourty two out of s ixty four samples 
of EBV (average 14.35 per cent) . Normative diopside is found 
invariably in almost all the samples of these volcanics. The 
average diopside contents of both EBV and WBV are 28.22 per 
cent and 31.72 per cent respect ively . A comprehensive account 
of normative composition of Basal Aravalli Volcanics is presented 
in Table 3 and thei r normative nomenclature is i l lustrated in 
figure 3. 
Stratigraphic Variation in Composition 
Stratigraphic section of Basal Aravalli Volcanic sequence 
occurring in eastern belt between Jhamarkotra and Debari is 
presented in Figure 4. The figure i l lus t ra tes geochemical 
changes in some important major elements with s t ra t igraphic 
height . In this diagram all the plotted elements appear to show 
zig-zag patterns. The repetition of high MgO rocks upsection 
is observed giving a saw-tooth type of pattern. The general 
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Fig. 4. Variability of selected major elements through volcanic column 
of Eastern Belt Volcanics showing repeated occurrence of high 
MgO lavas . Diagram not upto scale. 
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variations do not define a consistent trend but however, indicate 
a repeated return to relat ively less evolved or nearly primary 
composition upward in the section. In general the lower flows 
appear to be more MgO enriched than the upper flows thereby 
indicating the changing conditions. Along the younging of sequence 
the number of low Mg lavas increases and that of higher Mg 
lavas decreases . The repetit ion of high Mg lavas which 
characterises this volcano-sedimentary sequence, indicates that 
the volcanism was probably characterised by episodic eruption 
cycle. This implies the possibil i ty that the volume of crustal 
reservoir system, relat ive to the volume of magma input from 
the mantle, was small. In view of above considerations the 
following features are pertinent :-
1) The volcanic sequence do not display a consistent compo-
sitional change from lower to upper s t rat igraphic leve ls . 
2] In certain flows composition is less evolved th in the 
preceding flows. 
3) Number of low Mg lava flows increases with the decrease 
of high Mg lavas up in the section, or there seems that 
high Mg lavas dominate in the lower part and low Mg lavas 
in th(3 upper part of the succession. 
4) The rcjpetitions of high Mg to low Mg basalts indicate 
rnptvitnii foturn to relatively loss evolved compositions 
i i | ) S i M.f i o n . 
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Komatiitic Affinity 
The most important characteris t ic feature of Aravalli 
Volcanics is the presence of samples with MgO content as high 
as 19.91 per cent. These high Mg lavas are found both in eastern 
and western be l t s . Since the discovery of komatiite and i ts 
allied rocks in Archean sequences from Barberton Land (Viljoen 
and Viljoen 1969) the MgO contents of Precambrian volcanics, 
have attracted considerable importance. While discussing geochemi-
stry of Precambrian high Mg lavas it appears appropriate to compare 
the data with those of komatiites and allied rocks . The definition 
and use of the term komatiite has been a topic of considerable 
debate and controversy. Originally they were defined by Viljoen 
and Viljoen (1969) to describe a suite of Mg rich ultramafic 
and basaltic lavas . In general komatiites are characterised by 
high MgO contents ( > 9 per cent), high CaO/Al^OT ratios [-^ 
1), and low alkali contents [^ 1 per cent). Their important 
character is t ic includes presence of quench texture or spinifex 
texture, and also the low TiO„ content [^ 0.9 per cent) . However, 
the presence of spinifex texture enjoys special previlege over 
the geochemical cr i ter ion. For example a rock having SiO„= 45.30 
per cent, MgO = 6.92 per cent, TiO„ = 1.06 per cent and CaO/ 
Al20n = 1.17 has been considered as komatiite simply due to 
presence of spinifex texture (Baragar and Scoates 1987). l^arlier 
the komatiites were thought to be the character is t ic t'oaturf! 
of the Archean sequence, but in recent years it has been obsoi-viul 
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that the komatiites have been erupted in a number of sh ie lds 
in the Early Proterozoic period. For example, Baltic Shield 
(Pharaoh et a l . 1987a) Circum Superior Belt (Arndt et a l . 1987; 
Baragar and Scoates 1987) and Guiana Shield (Gibbs 1987). 
The volcanic rocks, to which the present study is 
concerned are of Lower Proterozoic age and contain the rocks 
not only with high MgO (upto 19.91 per cent) but also with 
the high CaO/Al20^ ratios ( > 1 ) . Although high CaO/Al^O^ ratio 
has been considered as one of the most important features of 
komatiites, yet it has been a topic of controversy as si me 
workers considered it to be a secondary feature developed during 
alteration or metamorphism. However, the alteration or meta-
morphism cannot be a prime cause of high CaO/Al„0- ra t io in 
the Basal Aravalli Volcanics because the samples with high CaO/ 
A1„0T ratio also show high MgO concentrations. Such CaO/Al^On 
ratios of Basal Aravalli Volcanics have been plotted against 
their MgO content (Figure 5) . Despite the presence of some 
scattering, the CaO/AUO^ rat ios display a positive relat ionship 
with MgO. It is evident from the figure that almost al l the 
samples with more than 9 per cent MgO content have Ca0/A1„0T 
ratio more than 0.8 and majority of samples with MgO less than 
9 per cent have this ratio less than 0.8. Furthermore, the high 
MgO rocks also have higher contents of transitional elements 
like Ni, Cr, and Co (Chapter IV, figure 12) which are resis tant 
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to alteration processess. Thus the high CaO/Al^O^ ratio of high 
Mg rocks can not be solely considered a product of redis t r ibut ion 
of CaO or A 1 „ 0 T . It is unlikely to expect from a non-systematic 
process such as post igneous alteration to have caused the 
observed variations . These features sugget in general that the 
high MgO and CaO/AUO^ ratios are related to the primary 
characters t ic of Basal Aravalli Volcanics, and therefore, indicate 
a strong geochmical affinity of these rocks with the komatii tes. 
The komatiitic affinity of Basal Aravalli Volcanics of Nathdwara 
area has also been noticed by Ahmad and Tarney (1990). The 
high Ca0/A1„0T ratios ( > 0.8) of some low Mg ( ^ 9 per cent) 
samples may probably be ei ther due to secondary enrichment 
of CaO or these samples may be genetically related to high 
MgO samples. 
The MgO content of these rocks is not as high as has 
been reported from the typical Archean sequences, and there 
is no compositional gap as observed in some Archean greenstones 
(Viljoen et a l . 1982; Nisbet et a l . 1982). The lack of composi-
tional gap precludes to perfectly distinguish the rocks of 
komatiitic and basaltic compositions. Due to these reasons the 
a rb i t ra ry boundary at 9 per cent MgO (Brooks and Hart 1974) 
is employed to distinguish high Mg rocks of Basal Aravalli 
Volcanics. Because no spinifex or quench texture is observed 
in these volcanics, the high Mg rocks are referred to ,is 
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komatiitic rocks rather than komatiites or basaltic komatii tes. 
The rocks with less than 9 per cent MgO are referred to as 
tholeii tes due to reasons as discussed in Chapter V. 
Geochemical Comparison with other Similar Rock Types 
Average chemical composition of komatiitic and tholei i t ic 
rocks of the eastern and western belts of Basal Aravalli Volcanics 
are presented in table 4. along with the overall average major 
element compositions of both sui tes . The tab le demonstrates 
that not only average compositions of the two belts are very 
much identical the average compositions of high and low Mg 
samples are also a l ike . 
Table 5 compares the komatiite - tholeii te association 
of Basal Aravalli Volcanics with similar volcanic associations 
of Archean and Proterozoic ages. The Basal Aravalli komatiitic 
rocks closely resemble in their Al^O^ content (average 10.76 
per cent) with those of Circum Superior Belt komatiites (average 
11.11 per cent), Pilbara Block high Mg basalt (average 11.56 
per cent) , Archean basaltic komatiites (average 11.00 per cent) 
and Kolar Schist Belt komatiites (average 9.96 per cent) . The 
TiO,-, content of these komatiitic rocks (average 0.83 per cent) 
is higher than those of Circum Superior Belt komatiites (O.tiB 
per cent) , Pilbara Block high Mg rocks (0.58 per cent) and 
Archean basaltic komatiites (0.60 per cent) , but lower than 
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the TiO^ content of Kolar Schist Belt komatiites {average 1.01 
:>:r cent). FeO content of Basal Aravalli komatiitic rocks (average 
9.57 per cent) is considerably lower than that of Kolar Schist 
Belt komatiites (average 13.65 per cent) but closely resembles 
with those of other komatiites. MgO content of komatiitic rocks 
of these volcanics (average 13.72 per cent) is similar to that 
of Circum Superior Belt komatiites (average 13.90 per cent) 
but higher than those of Pilbara Block high Mg basalts (average 
12,00 per cent) and Archean basalt ic komatiites (average 10.20 
per cent) and considerably lower than that of Kolar Schist Belt 
komatiites (average 17.09 per cent) . Alkali contents of Basal 
Aravalli komatiitic rocks are higher than all other reported 
rock suites (Table 5) . 
Basal Aravalli tholei i tes resemble in their SiO-, and 
Al^O^ contents (averages 49.76 per cent, 15.00 per cent) with 
Circum Superior Belt tholei i tes (averages 48.87 per cent, 13.97 
per cent) Pilbara Block tholeii tes (averages 50.75 per cent, 15.13 
per cent), Archean tholeii tes (averages 49.50 per cent, 15.20 
per cent) and Kolar Schist Belt tholeiites (averages 51.84 per 
cent, 14.73 per cent). However, their Ti02 content (average 
1.10 per cant) is lower than those of Circum Superior Belt 
tholeiites (average 1.59 per cent) and Archean tholeiites (average 
1.49 per cent) but higher than Pilbara Block tholeii tes (average 
0.93 per cent) and Kolar Schist Belt tholeii tes (average 0.91 
per cent), fhe Basal Aravalli tholeii tes ,\re lioploted in theif 
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MgO content (average 5.45 per cent) than all the four tholei i t lc 
suites (Table 5) . However, their alkali contents are generally 
higher. The P^Oj. content of these rocks (average 0.17 per cent) 
is closely similar to tholeii tes of Circum Superior Belt (average 
0.19 per cent), tholeiites of Pilbara Block (average 0.13 per 
cent) and Archean tholeii tes (average 0.17 per cent). 
Effect of Alteration 
Before assigning an unknown to one of the magma type, 
it becomes necessary to verify whether the composition is 
magmatic or has been modified during\ post igneous per iod. If 
alteration is established then i t requires to deliniate the elements 
to the extent upto which they have suffered alteration. In case 
of the Precambrian volcanics, the effect of alteration on the 
distribution of major and trace elements is inevitable because 
of their old age. Though available data on alteration of older 
volcanics are not sufficient, it is a well known fact that alteration 
processes can significantly affect both major and trace element 
distributions (Christein et a l , 1973; Hart et a l . 1974; Scott and 
Hajash 1976; Winchester and Floyd 1976; Humphris and Thompson 
1978; Ludden and Thompson 1978). 
Petrographic studies generally give primary clues regarding 
the effect of alteration. Presence of minerals like chlor i te , 
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tremolite, talc etc. indicate alteration and/ or metamorphism. 
The Basal Aravalli Volcanics have been regionally metamorphosed 
upto the grade of greenschist facies and consist principally of 
fine grained assemblages of amphiboles, chlorite and a lb i te . 
Chloritisation, epidotisation and carbonization are also observed 
in these volcanics. Hence it is probable that there has been 
some elemental mobility. Under the type of alteration that the 
Basal Aravalli Volcanics have undergone, the A1„0^, TiO„, P-,Oc. 
and MnO are considered immobile or less mobile (Pearce and 
Cann 1973; Winchester and Floyd 1977; Humphris and Thompson 
1978; Mullen 1983). MgO and FeO have also been considered 
resistant to mobilization during alteration processes, and therefore, 
have generally been used for tectonic interpretation of altered 
rocks (Pearce et a l . 1977). However, there is a general consensus 
that alkali and alkaline ear ths e .g. K^O, Na„0, CaO and related 
elements are quite mobile during low grade metamorphism (Coish 
1977; Humphris and Thompson 1978). Post eruption changes in 
element compositions of Basal Aravalli Volcanics have been 
determined by using various variation diagrams and chemical 
cri teria and have been discussed in the following paragraphs: 
The ACFN plot (A= Al^O^ - K^O, C - CaO, Na = Na 0 
F = FeO ) was used by Jolly and Smith (1972) to distinguish 
the distinct ^roup of rock types produced by post eruptional 
alteration [)rocessos in Keewanawan lavas. The data of EBV and 
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Fig. 6. A (A1„0^-K„0)- C(CaO)- N (Na„0) ternary variation diagram (after 
Jolly ana smith 1972) of Basal" Aravalli Volcanics showing unaltered 
nature of most of the samples. 1-unaltered basalt 2. 
basalt 3- Metadomains of Keweenawan lavas. 
highly albi t ised 
• Eastern Belt Volcanics 
o Western Belt Volcanics 
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WBV, when plotted in this diagram, show that majority of samples 
concentrate in or near the field of unaltered rocks (Figure b). 
Some of the samples plot in and around the field of highly 
albit ised basalts obviously indicate thei r sodium enriched nature. 
Davis et a l . (1978) constituted a ternary diagram 
comprising CaO/Al„O„-MgO/10-SiO„/100 to recognise extensively 
altered rocks. The constituents of Basal Aravalli Volcanics are 
plotted in this diagram in figure 7 which shows that the majority 
of samples lie in the field of unaltered basa l t s . The data points 
which lie outside the field of unaltered rocks plot very close 
to i t . This diagram indicates that chemical at t r ibutes of these 
rocks as a whole appear close to original volcanic compositions. 
Beswick and Soucie (1978) have suggested a graphical 
procedure for the evaluation of the effect of metasomatism in 
remobilization and redistribution of various elements. The procedure 
is very much helpful in identifying the elements which have 
been relat ively immobile. Beswick (1982) made some minor modifi-
cations in this procedure and named it as Molecular Proportion 
Ratio plots (MPR plots) . He suggested that in MPR plots the 
element which have been significantly mobilised will show a 
fan shaped distribution of points radiating from the origin. While 
least mobile or immobile elements will show clustering at or 
near the origin. To employ MPR plots it is necessary to iriakii 
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two assumptions: First , the al tered rocks ijriKinally had the 
composition which confirmed the well defined ioneous trend and 
secondly to ensure that the A1„0T remained immobile during 
alteration. 
Following the same procedure the molecular proportion 
of SiO„ and FM (FeO + MgO) of Basal Aravalli Volcanics are 
ratioed against molecular proportions of other oxides and plotted 
in Figure 8. 
In SiO^/TiO„ versus FM/TiO„ plot, most of the samples 
show clustering below intersection of olivine and clinopyroxene 
fractionation t rends. Few samples show scattering that may be 
due to silica enrichment. SiO„/A1^0„ versus FM/Al„Oo plot also 
shows almost similar resu l t s . It is believed that CaO mobility 
may be a cause of unusally high or low CaO/Al„Oo ratio in some 
rocks (Beswick 1982). However, a comparison of SiO„/CaO versus 
FM/CaO plot with SiO^/Al^O versus F M/A U O T and Si02/Ti02 versus 
FM/TiO„ plots of Basal Aravalli volcanics shows that CaO mobility 
is quite low or negligible in majority of the samples analysed. 
Had it been greater, the sample composition would have been 
displaced from their original positions along lines rediating through 
origin and the trends shown in these plots would have been 
entirely different, 
The FeO versus MgO plot (both normalised against 
laolGCuLar proportions of riO„) shows a well defined sUghtly 
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curved trend. "mly three samples show enrichment of FeO , 
This can ise taken as an indication that MgO and FeO have 
largely remained unaffected or least affected from the processes 
of alteration . Moreover vir tual ly identical trend on MgO/CaO 
versus FeO /CaO plot supports the above conclusion. The CaO/ 
TiO„ versus FM/TiO„ plot ai-o shows a well defined trend with 
the exception of few samples which may be due to the i r high 
CaO values. The molecular proportion plots of Na„0 and K-,0 
obviously show fan shaped distr ibut ions suggesting thei r undoubted 
altered chemistry. In view of above consideration, the following 
features of Basal Aravalli Volcanics are pertinent: 
1) The elements such as SiO„, AUO^ FeO and MgO do not 
show any significant change in their magmatic concentrations. 
2) Only few samples possess secondary composition of CaO. 
3) Na_0 and K„0 concentration of the rocks have suffered post 
eruptional alteration. 
It is significant to note that whatever changes have 
occurred in the major element concentrations, they appear within 
the limits of basalt composition. Alteration phenomena could 
not possibly produce the changes to such an extent that the 
rocks of one tectonic environment appear to belong to another 
tectonic environment. However, the Na 0, K,^ 0 and related 
elements being unreliable can not bo used in discussion on magma 
(.h.iracttn'isatlon and genesis. 
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Major Element Variability 
The compositional variation in an igneous suite is a 
consequence of crys ta l - l iquid fractionation processes related 
ei ther to part ial melting or fractional crysta l l isa t ion. The 
chemical differences and t rends shown by a volcanic suite can 
reasonably be presented i- a simple way by using variation 
diagrams. Such diagrams are considered to be a useful way 
of synthesising a large volume of chemical data which is difficult 
to compare in table form. These diagrams have proved very 
useful in derivation of models to explain the petrogenesis of 
a particular igneous assemblage. In the present chapter , various 
variation diagrams are plotted for Basal Aravalli Volcanics in 
terms of major oxide weight percentages, their rat ios and 
combination of both. 
One of the oldest and most commonly used variation 
diagram in igneous petrology is the Marker diagram, in which 
the weight per cents of constituent oxides are plotted against 
weight per cent of SiO„, as abscissa. The major elements of 
Basal Aravalli Volcanics have been plotted against SiO^ (Figure 9) 
It is evident from the diagram that both eastern and western 
volcanic suites display similar trends of serial variation between 
some of the elements and SiO„. In these volcanics the Al„0, 
and FeO show enrichment while MgO shows progressive deplntion 
with respect to SiO„. Because SiC), .infl MgO, h(jth the oxides 
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are consiii^r.-'l as good indicators of igneous fractionation, their 
negative correiation suggests that the fractional crystal l isat ion 
has played an important role during the evolution of these rocks. 
Moreover this negative correlation between SiO„ and MgO also 
indicates the fractionation of olivine. The relationship of other 
oxides with SiO^ is muted to scat ter . The scatter part icularlv 
shown by Na^O and K„0 may be assigned to post eruptional 
changes in composition due to alteration or metamorphism, 
simultaneously the unconsistant trend shown by other elements 
may be a reflection of source charac ter i s t ics . 
Because SiO„ values do not change steadily throughout 
the fractionation, the Mg numbers or M'values (100 Mg/Mg + 
Fe ] instead have been used to i l lus t ra te differentiation from 
primitive to more evolved composition. The Mg number in both 
EBV and WBV shows large variation in i ts values. In EBV the 
values range between 26 to 85 and in WBV from 54 t o 8 J . It is 
believed that the Mg numbers are insensitive to the degree 
of part ial melting but are highly sensit ive to the amount of 
subsequent fractional crystal l izat ion, part icularly of olivine. 
The very low to very high values of Mg numbers of B.isal 
Aravalli Volcanics indicate amazingly their [)rimitive to highly 
evolved nature. The major oxides of Basal Aravalli Volcanics 
have tjeen plotted against their Mg numbers (Figure 10). Dtjspiti' 
some scatter SiO,, Al-,t)^, FnO*^  and MgO stiow the trends 
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consistant with an -jvolving magma, indicating thereby the primary 
magma might have undergone fractionation after segregation from 
their mantle source. Because different flows of Basal Aravalli 
Volcanics have erupted in several small spurts over a significant 
interval , the trend shown by these volcanics in above diagrams 
may be indicating in fact, the average of the evolutionary trends 
of numerous batches of magma. 
Baragar and Scoates (1987) while studying the komatii te-
tholeiite assocation of Circum-Superior Belt used the MgO/CaO 
ratio as a measure of olivine fractionation because during the 
course of fractionation within mafic and ultramafic range of 
compositions the CaO increases with separation of olivine and 
decreases with fractionation of clinopyroxene. They interpreted 
the MgO/CaO ratio of about one as the point at which the 
clinopyroxene appears on the liquidous. Variation diagrams of 
Basal Aravalli Volcanics are shown in figure 11 where A1„0„, 
FeO and TiO„ contents are plotted against MgO/CaO ra t ios . The 
arrows shown in these plots are after Baragar and Scoates (1987) 
and show direction of compositional changes in the magmas which 
are effected by withdrawal of the phases indicated. The plots 
(Figure 11) demonstrate that the variation in composition of 
Basal Aravalli Volcanics may be the result of olivine fractiona-
tion and moreover the upward turn shown by the tromls 
reflects the clinopyroxene fractionation. 
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CHAPTER - IV 
TRACE ELEMENT GEOCHEMISTRY 
General Statement 
Trace elements are par t icular ly useful in petrogenetic 
studies of igneous rocks (Taylor 1965; Cast 1968; Weill et a l . 
1974; Hanson 1980; Carr and Fardy 1984) because they have several 
distinct advantages over major elements. The trace elements are 
seemingly partitioned more strongly than major elements into 
ei ther crystal l ine or liquid phase making them more sensi t ive 
indicator of both degree and mechanism of cfifferentiation. The 
concentration of some major elements in volcanic rocks often 
drast ical ly modified by secondary processes whereas the trace 
elements, notably the high field strength (HFS) elements, t rans i -
tional elements and REE remain immobile. In view of var iable 
state of preservation of Proterozoic volcanics, the trace elements 
are l ikely to prove more useful, par t icular ly in the assessment 
of their petrogenesis. 
Till date no analytical data on trace elements of Basal 
Aravalli Volcanics are available in l i te ra ture . In the present 
study a total of fifty seven samples of mafic rocks from Basal 
Aravalli sequence have been analysed. The trace elements including 
Ni, Cr, Co, Rb,Ba,Srand V have been analysed by Double Beam 
Atomic Absorption Spectrophotometer (GDC-902, Australia) at the 
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Department of Geology, AMU Aligarh. Elements Zr, Y and Mb -. .^ r'^  
analyssed by ICP (8440-LAB-TAM, Australia) at the Universit 
of Roorkee, Roorkee. Like major elements, the samples analysed 
for trace elements were standardised against International reference 
rock samples, like GSP-1, BHVO-1 and AGV-1. Six samples 
representing large range of MgO content were analysed for REE, 
Hf and Ta by ICP-MS technique at National Geophyssical Research 
Institute, Hyderabad. The instrument used is Plasma Quad (VG, 
Elemental, VVinsford, Cheshire, UK). The accuracy of these de ter -
minations was verified by analysing BCR-1, a USGS standard rock. 
The accuracy was also checked by analysing other well known 
USGS standards such as AGV-1, GSP-1, W™ and BHVO-1. Precision 
calculated for these analyses appear typical ly better than 3 per 
cent RSD for all elements except for Dy, Yb and Lu where the 
respective values were better than 5 per cent. The data are 
presented in tables 6, 7 and 8. In table 9 the average of various 
trace elements of komatiitic and tholeii t ic rocks of Basal Aravalli 
Volcanics are compared with rocks of similar affinity from 
different areas of the world. A detailed discussion of these 
elements is presented in the following paragraphs . 
Ferromagnesian Elements: 
Cr, Ni, Go, V and Sc have been referred as ferromagnesian 
trace elein(;nts or transitional elements. Crystal liquid (i>ita 
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iri'JK 'J-^ that these elements are preferentially partitioned i.ito 
ferroi^^resi n minerals during partial melting and fractional 
crystallization processes. Thus the abundances of these elements 
are very useful indicator of petrogenetic processes. 
Chro^iium, which has been considered a very sensit ive 
element to fractional crystal l izat ion, shows large variat ion in 
Basal Aravalli Volcanics. It ranges from 6 ppm to 1472 ppm 
(average 363 ppm) in Eastern Belt Volcanics and 58 ppm to 1162 
ppm (average 586 ppm) in Western Belt Volcanics. The komatiitic 
rocks of both eastern and western volcanic suites have higher 
contents of Cr (average EBV=636 ppm, average VVBV=687 ppm) 
than the tholeii t ic rocks (average EBV=134, average WBV=132 
ppm), in comparision with the similar rocks of the world 
(Table 9) , the Basal Aravalli Volcanics however, appear re la t ively 
depleted in their Cr contents. The marked reduction of Cr content 
in these rocks from 1472 ppm to 6 ppm in EBV and 1162 ppm 
to 58 ppm in WBV indicates fractional crystall ization of early 
formed pyroxenes and spinel . Wager and Mitchell (1953), 
McDougall and Lovering (1963) and Turekian (1963) have 
demonstrated the coherence of Cr in the early formed pyroxenes. 
Due to this tendency of Cr of being enriched in the early products 
of differentiation, a paral lel increase of Cr with MgO is also 
expected. When the Cr contents of Basal Aravalli Volcanics .tro 
plotted against their ivig(3 values (Figure 12a) a sympathetic 
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relationship is generally observed. Furthermore, almost all i'\e 
samples plot show a common trend. 
Nickle is another sensitive element which is considered 
to be a useful indicator of petrogenetic processes. Crystal- l iquid 
partitioning data indicate that Ni is partitioned into olivine during 
part ial melting and fractional crystal l ization. In Basal Aravalli 
Volcanics Ni content ranges from 14 ppm to 137 ppm (average 
40 ppm) in EBV and 18 ppm to 139 ppm (average 75 ppm) in 
WBV. The komatiitic samples of both the belts show higher values 
of Ni (average EBV=61 ppm, average WBV=87 ppm) than remaining 
tholei i t ic samples (average EBV=24 ppm, average WBV=20 ppm). 
When compared with the other rock types given in table 9 the 
komatiitic and tholeiit ic rocks of Basal Aravalli Volcanics seem 
to have considerably low values of Ni. In basaltic rocks the 
general behaviour of Ni i s such that th is element preferential ly 
enters into octahedral coordination si tes because of ligand liquid 
effect (Burns and Fyfe 1964). In general, Ni enters into the 
ferromagnesian si l icates including olivine in the early stage of 
differentiation and upto middle stage it is almost completely 
eliminated from the melt (Wager and Mitchell 1953; Ring wood 
1955; Turekian 1963). Due to this tendency, Ni preferentially follows 
MgO during magmatic differentiation. When Ni contents of Basal 
Aravalli Volcanics are plotted against their MgO contents 
(Figure 12b) a sympathetic relationship is observed. This 
rcilationship may he. attributed to olivine fractionation. The plot 
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of Cr against Ni also shows a positive correlation between these 
two elements (Figure 12d). 
In both Cr-MgO, Ni-MgO diagram (Figure 12a, b) a break 
in slope occurs at MgO 12 per cent indicating a change in mineral 
controlling liquid composition. The break roughly corresponds 
to the init ial participation of clinopyroxene as a liquidus phase 
(Arndt 1976; Jahn et a l . 1980). 
Cobalt content of Basal Aravalli Volcanics does not show 
large variations as formerly shown by Cr and Ni. Co values 
ranges between 13 ppm and 37 ppm (average 23 ppm) in EBV 
and 15 ppm and 30 ppm (average 24 ppm) in WBV. The average 
Co contents of komatiitic rocks and tholeiites of Basal Aravalli 
Volcanics remain almost similar (Table 8) . When average Co 
contents of Basal Aravalli Volcanics are compared with other 
rocks presented in table 9, they seem to be slightly depleted. 
Generally in basaltic rocks it is believed that Co, like Ni and 
Cr, also preferentially occupies the octahectral coordination s i tes 
(Burns and Fyfe 1964). It has also been observed that Co enters 
the same mineral as Ni but in comparatively lesser amount (Carr 
and Turekian 1961; Burns and Fyfe 1964). In Basal Aravalli 
Volcanics Co values show slightly increasing trend with the 
increasing MgO (Figure 12C). 
Conilio (19H5) has inferred a secular decline in the 
average content of Ni, Cr .ind Co at similar Mg numbers (i.(3. 60) 
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from Archean to Proterozoic. \verage contents of Cr, Ni and 
Co of Basal Aravalli Volcanics at Mg number about 60 are 184 ppm, 
39 ppm and 25 ppm respect ively . The values are significantly 
lower than observed by Condie (1985) for 3.5-2.5 b . y . old basal ts 
(Cr-350 ppm, Ni-135 ppm, Co-55 ppm). Furthermore, in the Basal 
Aravalli Volcanics, these elements show large range of var iat ion 
at same Mg number-—^ 60 (Ni=14 to 86 ppm, Cr=6 to 457 ppm, 
Co=22 to 31 ppm). Because Mg number and the contents of Ni, 
Cr and Co are generally controlled by fractional crysta l l izat ion, 
the samples with similar Mg number but highly var iable ferromag-
nesian trace elements appear to have derived from different 
magmas. This suggests that fractional crystall ization cannot be 
considered the only process which modified the bulk chemistry 
of these rocks. 
Vanadium content in these rocks varies from 42 ppm 
to 253 ppm and averages at 194 ppm. The range of var iat ion 
is small in Western Belt Volcanics (123 ppm to 243 ppm) than 
Eastern Belt Volcanics (42 ppm to 253 ppm). When compared 
with average Archean and Proterozoic mafic rocks (Table 9) , 
the komatiitic rocks and tholei i tes of Basal Aravalli Volcanics 
show marked depletion in thei r V contents. The plot. Vanadium 
versus Titanium shows positive correlation but with a curved 
trend (Figure 13). This phenomenon was previously found by 
Neshitt and Sun (1976) and Jahn et a l . (1980) for Archean volcanics. 
l',\[)(;riinoiUnl study ([)vik(i 1976) has shown that V has a 
61 
200 
^ 100 
s 
a 
a 
1000 
• • • 
• o 
• o • • 
• ?^- .P- -?- -» / • 
_• • 
o o . 
• • 
/ • 
/ / 
X 
5000 
Ti (ppm) 
10000 
Fig. 13. V versus Ti diagram (after Jahn et a l . 1980) of Basal 
Aravalli Volcanics showing positive relationship with 
flattening of V at high Ti contents. 
• Eastern Belt Volcanics 
0 Western Belt Volcanics 
62 
preference for liquid at high temperature, but it enters into 
clinopyroxene at low temperature range (DVcpx 2) . The flattening 
of V at higher Ti contents (Figure 13) may be an indication of 
the significant role of clinopyroxene (Jahn et a l . 1980). 
According to Nesbitt and Sun (1976) the V/Zr rat io for 
low Mg basalt is 3. In thole i i t ic samples of Basal Aravalli 
Volcanics, the average value of th is ratio is •—' 2.20. The rat io 
increases to 3,13 in the komatiitic rocks. For low MgO basal t ic 
rocks Ti/V ratio of 20 to 30 magnitude has been reported (Nesbitt 
and Sun 1976). The average Ti/V ratio for the examined Basal 
Aravalli Volcanics is ^-^ 28 in tholei i tes and •—' 24 in komatiit ic 
rocks. 
Large Ion Lithophile Elements (LILE) 
Ba, Rb, Sr and also K are included in the category of 
LILE. The concentration as well as inter-element ratios of these 
elements are of great significance in petrogenetic processes 
(Lessing et a l . 1963; Oxburgh 1964; Heir and Compston 1966; 
Brooks 1968; Drake and Weill 1975). However, in basalt ic rocks 
of older ages, these elements do not show their original contents 
due to their highly mobile nature. Because of their known mobili-
ties during alteration and metamorphism, the Ba, Rb, and Sr 
are not generally used for petrogenetic and tectonic interpretat ion. 
However, the mean values of large number of samples from an 
63 
individual succession of given age can be used because in such 
cases the losses and gains of these elements are averaged out. 
Barium content in Basal Aravalli Volcanics shows a 
variation from 6 ppm to 535 ppm and averages at 147 ppm. In 
komatiitic and tholeii t ic rocks of these volcanics the average 
Ba contents are 181 ppm and 128 ppm respect ively. Rubidium 
contents range between 0.3 ppm and 33.3 ppm with an average 
of 9.70 ppm. The average Rb contents of komatiitic and tholei i t ic 
rocks of these volcanics are 7.28 ppm and 11.39 ppm respec t ive ly . 
Sr concentration in these rocks var ies from 4 ppm to 643 ppm 
with an average value of 179 ppm. The Sr contents in komatiitic 
and tholeii t ic rocks of these volcanics average at 125 ppm 
and 239 ppm respect ively . The mobilization of these elements 
during post igneous period is evident from their markedly enhanced 
and depleted values shown by samples of Basal Aravalli Volcanics. 
Due to their secondary nature the values of Ba, Rb and Sr have 
not been used as a strong tectonic discrimination parameter in 
the following discussion. However, their average values may 
be considered for the purpose of comparison. 
Table 9 shows that average values of Ba, Rb, Sr of 
komatiitic and tholeii t ic rocks of Basal Aravalli Volcanics do 
not bear any similari ty with the other komatiitic - tholei i t ic 
suites. 
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High Field Strength Elements (HFSE) 
The elements with small ionic radii and low radius / 
charge rat ios have been referred to as high field strength 
elements or HFS elements. Zr, Y, Nb and Hf are the trace elements 
which have been included in this group. Other than these elements, 
the minor elements Ti and P are also grouped with them. To 
study the basaltic rocks, these elements have several advantages 
over other elements due to their distinct geochemical behaviour. 
First and far most important being that they are al l re la t ively 
immobile during alteration and metamorphism (Smith and Smith 
1976; Hellman et a l . 1977). Secondly, in the crust these elements 
are held in refractory minerals such as zircon, sphene and epidote , 
due to which small degree of crustal melting is unable to pa r t i -
tion these elements strongly into the melt (Watson and Copobiano 
1981; Watson and Harrison 1984). Due to this reason the concen-
tration of these elements in basic magmas is not generally affected 
by selective assimilation of crustal material . Other character is t ics 
which make them more useful include their incompatible nature. 
The ratios of these elements are not, by and large, affected 
by fractionation of olivine, pyroxene and plagioclase (Cox et a l . 
1979). 
Zirconium content in Basal Aravalli Volcanics ranges 
from 21 ppm to 148 ppm and averages at 72 ppm. The average 
Zr values of komatiitic samples (63 ppm) are slightly lower 
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than tholeiites (83 ppm). A comparison of these rocks with similar 
rocks of the world (Table 9) has filed to reveal any good match. 
Though the komatiitic samples are slightly depleted in Zr than 
their associated tholei i tes , the difference is not as great as 
observed in their ferromagnesian trace and major elements. 
Yttrium, in these volcanics shows a range of variat ion 
from 12 ppm to 25 ppm and averages at 16.5 ppm. The range 
of variation and average contents of Y both in komatiitic rocks 
(range=12-24 ppm, average=15.4 ppm) and tholeii tes (range=12-25 
ppm, average=17.7 ppm) show close s imilar i ty . The average 
value of Y in komatiitic rocks of these volcanics (15.4 ppm) 
is closely similar to those of Circum Superior Belt komatiites 
(16 ppm), Pilbara Block high Mg rocks (18 ppm), Archean 
basaltic komatiites (average 17 ppm) and Kolar Schist Belt 
komatiites (average 16 ppm). However, the tholei i tes of Basal 
Aravalli Volcanics (average 17.7 ppm) appear depleted than those 
from Circum Superior Belt tholeii tes (average 32 ppm), Archean 
tholeii tes (average 30 ppm) but appear close to Kolar Schist 
Belt tholeii tes (average 20 ppm) and Pilbara Block thole i i tes 
(average 24 ppm). 
Zr and Y contents of these volcanics are plotted against 
each other in figure 14a. De-;pite scatter , positive relat ionship 
is observed where Zr content increases with a l i t t le increase 
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in Y. The plots of data below chondrite line indicate that these 
rocks are re la t ively enriched in Zr relat ive to Y. 
In TiO„ - Zr diagram (Figure 14b) the plotting of Basal 
Aravalli Volcanics does not appear along a linear trend. However, 
they show an overall increase of TiO„ with an increase of Zr 
contents. 
The Zr/Y ratios in these rocks vary from 1.75 to 7.83 
with the average of 4.48. This value is higher than chondrit ic 
ratio (2.5) as reported ear l ier by (Nesbitt and Sun 1976). A 
comparison with the other rocks the Zr/Y ratio of Basal Aravalli 
Volcanics shows higher values than the rocks of Circum Superior 
Belt, Kolar Schist Belt, Archean greenstone Belts and Pilbara 
Block (Table 9) . However, the Zr/Y ratios of komatiitic rocks 
(average 4.07) and tholeii tes (average 4.95) of these volcanics 
are almost s imilar . On a Zr/Y versus Zr plot (Figure 15), these 
volcanics show a systematic increase of Zr/Y ratio with increasing 
Zr which may be considered as an index of fractionation. In 
this diagram, both komatiitic rocks and the tholeii tes of Basal 
Aravalli Volcanics plot almost along the same trend covering 
the whole range of variation. This feature discounts the fraction-
ation between these two. 
Miobium in Basal Aravalli Volcanics ranges from 6 [5pm 
to 12 p[)iu with an average of 8.11 ppm. The komatiitic rocks 
show ,1 i-anno of variation from (i ppm to 12 ppm (average 7.9 
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ppm). In associated tholeiitic rocks, the Nb content var ies from 
6 ppm to 11 ppm (average 8.33 ppm). Like Zr and Y, the Nb 
contents of the komatiitic and tholeii t ic rocks of Basal Aravalli 
Volcanics are almost similar. The average Nb content of komatiitic 
rocks (average 7.9 ppm) of Basal Aravalli Volcanics is close 
to komatiites of Circum Superior Belt (average 6 ppm). The 
associated tholeii tes are highly depleted in their Nb content 
(average 8.33 ppm) than the tholeii tes of Circum Superior Belt 
(average 16 ppm). 
The Nb/Y ratio, which serves as an indicator of alkalinity 
is low in Basal Aravalli Volcanics ( < 1) and thus indicates a 
sub-alkaline nature. The Zr/Nb ratio has been found a powerful 
discriminant between enriched mantle sources and depleted mantle 
sources (Erlank and Kable 1976; Le Roex et a l . 1983). In Basal 
Aravalli Volcanics this ratio ranges between 3.00 to 23.50 (average 
9.06). The Zr/Nb ratio of tholeii tes (average 10.07) i s sl ightly 
higher than komatiitic rocks (average 8.16). 
The relationship between Ti, Zr and Y has been used 
to interpret the fractional crystall ization of basic magmas by 
comparing theoritical variations with observed variat ions on 
covariant diagrams (Pearce and Norry 1979). The plots of TiO^, 
and Y contents versus Zr contents of Basal Aravalli Volcanics 
(Figure 14) indicate a combination of the crystal l izat ion phases, 
olivine-plagioclase-clinopyroxene (Pearce and Norry 1979). I'ho 
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scatter in the plots may be a related consequence of multiple 
lines of discent. 
Rare Earth Elements (REE) 
The rare earth elements, Lanthanum (La) to Lutetium 
(Lu), possess very similar chemical and physical p roper t i e s . 
Despite similari ty in their chemical behaviour, they can be 
par t ia l ly fractionated, one from another, by several petrological 
and mineralogical processes. Except for Eu and Ce the REE are 
trivalent under most geological conditions. There is a small but 
steady decrease in the ionic rad i i for the tr ivalent REE in 
octahedral coordination from La to Lu. Thus, a given REE has 
geochemical character is t ics very similar to those of i ts nearest 
atomic neighbour, but differ systematically from those of the 
REE with greater or smaller atomic numbers. These are the charac-
te r i s t ics vvhich make the rare earth elements an important tool 
in igneous petrogenesis. The measured degree of REE fractionation 
in a rock can be a pointer to i ts genesis. The REE abundances 
normalised against chondritic values prove to be a widely useful 
way to examine relationship between and within suites of igneous 
rocks, part icularly with regard to part ial melting and fractional 
crystall ization modelling. The REE with lower atomic numbers 
(La to Sm) are generally referred to as Light REE (LREE), those 
with higher atomic numbers (Gd to Lu) as the heavy REE (HRER). 
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Very occasionally the term middle rare earth elements {\1REE) 
is applied to the elements from Pm to Ho. 
The REE data on Basal Aravalli Volcanics is lacking. 
No REE analysis of these volcanics is available in l i t e ra ture . 
In the present study six representat ive samples of these volcanics 
are analysed for REE including three each from eastern and western 
bel ts . The data is presented in t ab le 7 and chondrite normalised 
patterns of these rocks are given in figure 16. 
The REE patterns of al l the samples of Basal Aravalli 
Volcanics are parallel to each other showing LREE enrichment 
with moderate negative Eu anamoly (Figure 16). The LREE enrich-
ment is low to moderate with (Ce/Yb)n ratio ranging between (1.65 
and 3.64). 
The total REE content of these rocks ranges from 42.61 
ppm to 82.35 ppm in WBV and 46.82 ppm to 64.99 ppm in EBV. 
In many komatiite-tholeiite suites of Archean the REE content 
and La/Lu ratio tends to increase in the order ranging from 
komatiite to tholeiite and the REE patterns vary from LREE depleted 
to flat or LREE enriched respect ively. In Basal Aravalli Volcanics, 
there is no systematic variation of REE from komatiitic rocks 
to tholei i tes . Though the s imilar i ty in the REE patterns is 
maintained over a large range of Mg numbers (55 to 83) and MgO 
contents there is no increasing trend in the contents of total REE 
with (Jocreasinq Mg numbers or MgO contents. The rock of similar 
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The rock of s imi l a r MgO content have h i g h l y v a r i a b l e REE contents 
and converse ly r o c k s with different MgO contents have s imi l a r 
REE conten ts . The lack of co r re l a t ion between MgO (a l so Mg 
numbers) and REE contents suggests tha t REE contents of these 
rocks cannot be r e l a t e d to o l iv ine and / p y r o x e n e f r ac t iona t ion . 
The (La/Sm)n r a t i o s in these rocks show l a r g e v a r i a t i o n 
(1.78 to 4.15] and a r e h i g h e r than MORB (Figure 17) . The h igh ly 
v a r i a b l e (La/Sm)n r a t i o s in komat i i t i c r ocks of F in i sh Greenstone 
Belt have been cons ide red as of grea t s ignif icance r ega rd ing the 
composi t ional he te rogene i ty in Archean mantle ( Jahn et a l . 1980) . 
In (Ce/Yb)n v e r s u s (Ce)n p lo t , the (Ce/Yb)n r a t i o of 
Basal Arava l l i Volcanics show an increas ing t rend with increas ing 
(Ce)n va lues (Figure 18) . Saunders (1984) has o b s e r v e d that two 
p rocesses a r e capab le of producing such wide range of (Ce/Yb)n 
ra t io in basa l t i c r ocks d e r i v e d from composi t iona l ly s imi l a r 
sources . F i r s t l y the high p r e s s u r e c r y s t a l f rac t ional involving 
garnet (ec logi te f rac t ionat ion , O'Hara 1975), and secondly the 
combination of continuous melting and batch p a r t i a l melting (dynamic 
melting) as demons t ra ted by Langmuir et al (1977) . The f i r s t 
mechanism, though i s capab le to produce va r a i t i on in (Ce/Yb)n 
r a t i o , but can not account for the v a r i a t i o n of (( :e/Sm)n r.ititi 
and o the r imcom|)at ible element r a t i o s l ike / r / N h and I .a/I 'a . fhf} 
second p roces s may produce large v a r i a t i o n in ((',(;/Yb)n and 
(La/Yb)n r a t i o s hut it can not tiMct ion.ito I,a and Ci; (Saiiiidtu's 
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1984) and also other incompatible element ra t ios . The th i rd possi-
bil i ty may be that the variation of (Ce/Yb)n and also (Ce/Sm)n 
ratios is a source character is t ic . 
In Aravalli Volcanics the komatiitic rocks of eastern 
belt show higher values of (Ce/Yb)n ratio than the associated 
tholeiite on the contrary the komatiitic rocks of western belt 
have a lower (Ce/Yb)n ratio than their associated tholei i te 
(Figure 18). This suggests that the (Ce/Yb)n ratio in these rocks 
is not simply controlled by fractional crystal l izat ion or par t ia l 
melting. They also show large variation in other incompatible 
element ratios l ike Zr/Nb (4.17 to 15,88), La/Ta (21.21 to 56.59) 
and (La/Sm)n (1.78 to 4.15). Thus, the a r ray of data displayed 
by Basal Aravalli Volcanics, as shown in figure 17 and 18, and 
the REE patterns (Figure 16) suggest their derivation from a 
variably enriched heterogeneous source. 
CHAPTER - V 
MAGMA TYPE CLASSIFICATION 
General Statement 
The recent progress in deodynamics has revolutionised 
our concept regarding the classification of igneous rocks. Since 
the development of plate tectonics theory, the basic volcanic 
rocks have been classified both in terms of the association uith 
specific magma series as well as using their evolution m a 
specific tectonic and/or thermal regimes. These two classifications 
do not necessarily complement one another (Middlemost 1985). 
Since primary igneous minerals are rarely or partly preserved 
in the metamorphosed basic rocks , the Basal Aravalli Volcanics 
are classified on the basis of chemical data. Major element, 
trace element and REE concentrations have presently been used 
to classify the magma type of these volcanics both in terms of 
rocks association as well as tectonic setting. 
Magma Series Classification 
The volcanic rocks may be subdivided into members of 
two major magma ser ies , alkalic and sub-alkal ic . Such a division 
was employed and elaborated ear l ie r by F^arker (1909); MacDonald 
and Katsura (1964); MacDonald (1968); Irvine and Barapar (1971); 
r 
7n 
and Miyashiro (1978), Each of these maRma ser ies contains rof.k-
ranging from basic to acidic in composition. Broadly speakin;^ 
the compositional range of volcanic rocks may be regarded a^  
a consequence of two dominating fundamental processes namely 
partial melting and fractional crystall ization. In general, thfj 
sub-alkalic magma series can be subdivided into a calc-alkalin^-
series and a low-K tholeii t ic se r i e s . 
The sub-alkalic basalts are the most common type of 
volcanic rocks found within both continents and the ocean basins. 
Low-K sub-alkalic basal ts , or tholeii t ic basalts are the dominant 
magma type found in mid oceanic ridges and in many within 
continent flood basalt associations. These basalts are generally 
depleted in K and related elements. The MORB like basalts are 
also found in the back arc basins associated with subduction 
related volcanic arcs in terms of their major elements. 
The calc-alkaline rocks are totally restr ic ted in their 
occurrence to subduction-related tectonic settings of present times. 
In general, the alkali basalts and thei r differentiates 
are commonly found in intraplate tectonic settings such as oceanic 
islands and intra continental plate r i f t s . 
In the geochemical studies of basic igneous rocks, the 
most commonly used method to classify magma type has been 
the Na„0 + K„0 versus SiO„ variation diagram (MacDjnald and 
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Katsura 1964; Irvin and Baragar 1971; Cox ot nl. 11)79).However, this 
diagram may prove to be of l i t t le use for Basal Aravalli Volcanics 
because of secondary changes in their Na^O and K^O contents. 
In view of secondary changes, the following discussion of magma 
classification in the present study is based on major and traci; 
elements which are generally considered as immobile or less 
mobile. 
Major element relationships 
For many years , AFM (A= Na^ O+K 0, F= Total iron, 
M= MgO, all in weight per cents) diagram was widely used in 
igneous petrogenesis, part icularly to differentiate the tholeiite 
and calc-alkaline ser ies . In this diagram the tholeii t ic suites 
show a strong trend of iron enrichment in the early stages of 
differentiation, whereas calc-alkaline suites trend directly across 
the diagram due to supresssion of iron enrichment by the early 
crystall ization of Fe-Ti oxides. The plots of Basal Aravalli 
Volcanics in this variation diagram are shown in figure 19. The 
plots may be seen lying on both sides of demarcating line, but 
they appear to follow an iron enrichment trend of tholeiit ic ra ther 
than calc-alkaline basal ts . The plots in calc - alkaline field 
lying just below the demarcating line may not be attributed to 
the magmatic variation. Neverthless it is the secondary enriched 
nature of these samples in alkalies which pull the data points 
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of IJasal" AravalU Volcanics showing iron t^nrichment t rend. 
Distinction line after Irvine and Baragar (1971). 
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from across the boundary line into the field of calc-alkal ine 
basalt . 
viiyashiro and Shido (1975) proposed and uti l ized a 
series of plots whereby the ratio FeoV.MgO (FeO =FeO+0.9xFe2O2) 
was plotted against various major elements to distinguish between 
tholeiit ic and calc-alkaline basal ts . In FeO /MgO versus FeO 
plot, the Basal Aravalli Volcanics show a tholeii t ic affinity and 
follow the abyssal tholeii t ic trend (Figure 20). 
Immobile minor and trace element relationship 
Classification of metamorphosed volcanic rock suites 
based on major elements and derived normative data may prove 
doubtful and unreliable due to mobilization of many of these 
elements, especially the a lka l ies . In various variation diagrams 
as discussed above the Basal Aravalli Volcanics appear to !)e 
very similar to sub-alkaline s e r i e s . This needs further confirmation 
in view of the possibi l i ty of the major elements being affected 
beyond expectation due to mobilization during the post igneous 
period. In order to classify the magma types more objectively 
the methods based, as far as possible, on those minor and trace 
elements ( Ti, Y,Zr, Nh,Cr, P) which are generally considered to 
be relatively immobile during alteration and metainorphic processes 
(Cann 197U; Poarce and Cann 1973; Fiold and lai iot t l')74; Win(,hcstcr 
,UMl ['lovd 1976; l'"l()yd <\[Mi Winchester l'i7H) .\n' ilso UMMI. 
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Fig. 20. FeO /MgO versus FeO variation diagram (after Miyashiro 
and Shido 1975) depicting oceanic tholei i t ic nature of Sasal 
Aravalli Volcanics. 
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o Western Belt Volcanics 
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Davies et al (1979) devised a ternary diagram by using 
Y",Zr in opmardTiO„(i5) and Cr which are considered immobile during 
secondary processes. He proposed that the plot of Y+Zr-lOO xTiO^ 
(%)-Cr (YTC) is analogous to AFM diagram because Y and Zr are 
l ikely to get enriched progressively during fractional c rys ta l l i -
zation l ike Na„0 and K2O; Ti02 behaves l ike Fe202 being enriched 
in tholeii t ic series and happens to decrease systematically in calc-
alkaline suites; whereas Cr closely follows MgO. Thus th i s diagram 
is considered to show very closely the original trends and thus 
is more rel iable in the study of altered volcanic rocks . The 
plots of Basal Aravalli Volcanics in this diagram lie close to 
the Archean tholeii t ic trend and extend well into the magnesian 
field (Figure 21) showing komatii t ic-tholeii te affinity. Moreover 
it also confirms the interpreted iron enrichment trend in the 
AFM diagram as discussed in the previous paragraph. 
Winchester• and Floyd (1977) and Floyd and Winchester 
(1978) devised a ser ies of diagrams based on immobile minor 
and trace elements and their rat ios to classify the metamorphosed 
and altered volcanic rocks. Using this classification procedure 
the Basal Aravalli Volcanics have been plotted in TiO„ verus 
Zr/P 0 and Si02 versus Zr/TiO„ variation diagrams in figures 
22 and 23 respect ively. In both the diagrams the Basal Aravalli 
Volcanics are classified as tholeii tes with a close affinity with 
oceanic tholeii tes as most of the plots fall in the dashed onclcjsnd 
field. 
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The ratios between Nb and Y have been shown to provide 
a means of identifying the petrologic character of volcanic suites 
following Pearce and Cann (1973), The usefulness of covariation 
between Nb/Y and T i / Y in the characterization of metamorphosed 
volcanic rocks has been demonstrated by Pearce (1982). He pointed 
out the importance of Ti/Y versus Nb/if diagram in which Nb/y 
ratio can be considered as an indicator of alkal ini ty. When plotted 
in th is diagram all the samples of Basal Aravalli Volcanics show 
the Nb/Y ratio less than one (Figure 24) thereby indicating their 
predominant sub-alkaline nature. This sub-alkaline character is t ic 
of Basal Aravalli Volcanics i s also represented by Zr/TiO versus 
Nb/Y diagram of Winchester and Floyd (1977) where the rocks of 
both the belts are plotted in the corresponding field (Figure 25). 
Jensen cation plot 
The komatiitic affinity of Basal Aravalli Volcanics has 
been discussed in Chapter III. Though the importance of spinifex 
texture has been emphasized in identification of komatiites (Brooks 
and Hart 1974), th is feature i s not always preserved in the meta-
morphosed lavas . The rocks in which these textures are obl i terated, 
the discrimination is based only upon geochemical charac ter i s t ics . 
Jensen cation plot has been widely used in recent years to identify 
chemically the komatiite, tholeiite and calc alkaline suitcis. The 
plot was developed by Jensen (1976) who used concentrations of 
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Al^O^, FeO, F e , j TiO^ and MgO in cation per cents. The analyses 
of Basal Aravaili Volcanics are plotted in figure 26 in a manner 
proposed by Jensen (1976). It is significant to note from this 
plot that the rocks from both the belts cover approximately the 
same range of compositions from komatiites to high Mg tholeii tes 
and high Fe tholeii tes according to Jensen's classification. 
The observations depicted in Jensen cation plot are further 
attested by another useful diagram, the MgO versus Al^O^ diagram 
of Viljoen and Viljoen (1969). It is evident from th is diagram 
(Figure 27) that both eastern and western volcanic suites are 
plotted along a common trend with no compositional gap as found 
in some Archean suites (Viljoen and Viljoen 1969; Arndt and Nesbitt 
1982; ^/laclver et a l . 1982). 
Tectonic Setting Classification 
During the last two decades or so a close relat ionship 
between tectonic environment and the composition of volcanic rocks 
has been observed by many works (Pearce and Cann 1973; Pearce 1^70; 
Pearce et a l . 1975, 1977; Pearce 1982; Mullen 1983; Meschede 1986). 
This has led to the development of tectonomagmatic discrimination 
techniques, which have been widely used to elucidate the tectonic 
settings of ancient volcanic suites ( Kogors et a l . 1974; Pearce 1975; 
Bhat et a l . 1981; Raza 1981; Bhattacharya et a l . 1988). The geo-
chemical characterization of Proterozoic volcanics to decipher 
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tectonic setting faces two major problems. The first and foremost 
is the problem of alteration and metamorphism. The Basal Aravalli 
Volcanics have suffered regional metamorphism upto the grade of 
greenschist facies, as a result of which concentration of LIL 
incompatible elements such as K, Rb, Ba etc are unlikely to reflect 
abundances at eruption. Therefore, no reliance is placed on these 
elements in the interpretation of tectonic setting of Basal Aravalli 
Volcanics. The second problem is the question of val idi ty of unifor-
mitarian approach for rocks older than 600 m.y. As interpretat ion 
of the tectonic environment is based to larger degree on classifica-
tion and discrimination diagrames with the field using chemical 
compositions of Mesozoic and younger volcanic suites. The workers 
l ike Pharaoh and Pearce (1984) raised this problem and discussed 
it extensively, have strongly recommended the application of d i sc r i -
mination techniques to Proterozoic volcanic assemblages. Walters 
anil Pearce (1987) have also advocated the use of these methods 
for tectonic classification of Precambrian volcanic sequences. They 
observed that there appears reasonably a good agreement between 
tectonic interpretation based on geological evidence and geochemical 
c r i te r ia . Such observations make a strong case for va l id i ty of the 
application of chemical cr i ter ia to Proterozoic volcanic assemblages. 
Because the use of multiple discriminant diagram is essential 
for more accurate results (Saunders et a l . 1980), a series of diagrams 
based on both major and trace elements have proved quite useful. 
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However the chemical evidence adduced in this study preferably 
relies on the minor and trace elements which are considered imraobile 
such as TiO„, PoOj., Zr, Y, Nb and REE. Because the concentration 
of these elements are not markedly different in thole i i tes and 
omatiitic rocks of Basal Aravalli Volcanics, all the samples are 
used for the classification of tectonic sett ing. 
Major and minor element plots 
Minor elements Ti02, K2O and PoOc were used in a ternary 
diagram by Pearce et al (1975) to discriminate between oceanic 
and non- jceanic environments. The Basal Aravalli Volcanics are 
plotted in this diagram (Figure 28). Though majority of the analyses 
fall in the field of continental basal ts , there are many samples 
which fall in the field of oceanic basal ts . Therefore th i s diagram 
does not disriminate sufficiently well to evaluate a particular 
character to be at t r ibuted to Basal Aravalli Volcanics proper ly . 
It has been observed that many basaltic suites from continental 
settings including Deccan Basalts of India plot in oceanic field (e .g . 
Vishwanathan and Chandrasekharan 1978) probably due to low PoO^-/ 
Ti02 ratios and K^O mobility during alteration and metamorphism, 
and hence this diagram is of questionable importance (Winchester 
and Floyd 1984). 
The bivariant plot of minor element TiO^ and major element 
Si02 pfovicios discrimination between ocean island alkal i (jasalts, 
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ocean floor tholeii tes and calc-alkaline basal ts . The method has 
been used by MacDonald and Katsura (1964) and Whitehead and 
Goodfellow (1978). In this diagram the present volcanic rocks 
plot mostly in the field of ocean floor tholeii tes (Figure 29). 
The reason for apparent calc-alkaline nature of some samples is 
high silica content that may be the consequence of a l terat ion. 
In the PoOr versus TiO^ diagram proposed by Ridley 
et al (1974) most of the plots of Basal Aravalli Volcanics fall 
within the field of ocean ridge basalts or very close to it 
(Figure 30). This diagram appears more useful as the minor elements 
P„0^ and TiO„ have been considered immobile or less mobile during 
secondary processes (Pearce and Cann 1973 ; Winchester and Floyd 
1977; Mullen 1983). 
The above methods principal ly based on major and minor 
elements, though indicate ocean floor tholeiite affinity of Basal 
Aravalli Volcanics, yet do not confirm this interpretat ion. Therefore, 
the confirmation of oceanic basalts affinity of Basal Aravalli 
Volcanics is possible by using the diagrams which are based on 
immobile or less mobile minor and trace elements. 
Immobile minor and trace element diagrams 
The Ti-Zr covariation diagram (Foarce 1982; i'haraoh 
and Pearce 1984), is not useful in discriminating completoly hoAwiuui 
the volcanic ,irc basalts and iMOKB,tjut offcctivoty distinL-uishrs 
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Fig. 29. SiOy versus TiO^ diagram (after MacDonald and Katsura 
1969, Whitehead and Goodfellow 1978) showing ocean floor 
affinity of Basal Aravalli Volcanics. 
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betw :!en arc lavas and .vithin plate basalts (Pearce and Cann 1973). 
The Basal Aravalli Volcanics cluster mainly in the field of MORB 
with a few samples in the arc lavas field (Figure 31). This 
tectonic classification i s , therefore, consistent with that indicated 
by the diagrams based on major elements. 
Likewise in a Ti-V plot (Shervais 1982), the Basal 
Aravalli Volcanics fall in the field of MORB (Figure 32). Three 
samples which fall in the arc tholeiite field are seen close to 
the boundary line (Ti/V=20). The MORB field covers Ti/V ratio 
range between 20 to 50. The average Ti/V ratio of Basal Aravalli 
Volcanics is 26. 
Zr/Y-Ti/Y variation diagram (Pearce and Gale 1977) also 
shows that almost all the samples of Basal Aravalli Volcanics 
plot within the field of ocean floor basalts and low potassium 
tholeiite field (Figure 33). 
In Ti-Zr-Y diagram (Pearce and Cann 1973) the plots 
of Basal Aravalli Volcanics are scattered and do not define a 
particular environment (diagram not shown). 
Neverthless, the plots of Basal Aravalli Volcanics in 
most of the discrimination diagrams based on major, minor and 
trace elements provide more or less unequivocal resul ts <in(i 
indicate their close affinity with ocean floor basal ts . It dons 
seem that Basal Aravalli Volcanics probably originated in ,i,i 
i;nvironiiU3nt similar to ttiat of ocean floor basal ts . 
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Geochemical patterns 
MORB or Primordial mantle normalized geochemical patterns 
provide an effective means of comparing ancient with modern lavas 
(Pharaoh and Pearce 1984; Holm 1985). The trace element diagrams 
are part icularly useful measure in which multi-element variation 
can be observed simultaneously to distinguish the tectonic setting 
and source character is t ics of basic volcanics. These pat terns reveal 
variation in incompatible element behaviour providing a geochemical 
finger print of plate tectonic assocation. 
MORB normalized incompatible element data for Basal 
Aravalli Volcanics are plotted in figure 34. The elements used 
in the pat terns, behave incompatibly during most of the part ial 
melting and crystall izing events. The normalising values of different 
elements are from Pearce (1982) and James et al (1987). The 
elements are arranged in order of decreasing incompatability from 
left to r ight . The elements Sr to Ba are classed as mobile and 
plot at left of the patterns whereas elements Ta to Yb a r e generally 
immobile and plot at r igh t . 
The range and averages of EBV and WBV demonstate 
identical patterns for both the suites (Figures 34a, b ) . The average 
komatiitic rocks and the tholeiites of both the belts are compared 
in figure 34c, Though tholeii tes appear sl ightly enriched in some 
elements than associated komatiitic rocks both the rock types 
show vory identical geochemical patterns and therefore justify 
the us(,' of komatiitic rocks for tectonic interpretation (Figure 34c). 
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In all these diagrams the patterns of Basal Aravalli 
Volcanic rocks exhibit a progressive enricnment of most of the 
elements from right to left relat ive to N type MORB. Contrary 
to result obtained from various discrimination diagrams, this 
feature indicates their close affinity with tholeii t ic within plate 
basal ts , Calc-alkaline basalts also exhibi t a subduction related 
enrichment in La, Ce, P and Nd, but th is may not be true for 
Basal Aravalli Volcanics which reasonably show an iron enrichment 
trend (Figures 19 and 21). The tholeii t ic volcanic arc basal ts 
generally show a depletion of Ti, Y, Zr, Hf, P and Sm re la t ive 
to N-MORB, but with low or l i t t le La, Ce enrichment (Pearce 
1983). Furthermore, the subduction related volcanics are 
characterized by marked troughs at Nb and Ta in geochemical 
pat terns. The Basal Aravalli Volcanics do not show such large 
depletions as indicated by geochemical patterns and low values 
of La/Ta (average 35) and Hf/Ta (average 3) ra t ios . 
MORB normalized geochemical patterns from various 
tectonic settings are compared with Aravalli patterns in figure 35. 
In the diagram the geochemical patterns displayed by Basal 
Aravalli Volcanics indicate a continental setting of eruption. Among 
all the patterns shown in figure 35 they matched more closely 
with initial rifting tholeiites (IRT) which are erupted at the 
time of abort ive continental break up (Holm 1985). Moreover, 
within plate continental signature and close affinity with init ial 
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Fig. 35. MORB-normalised multielement plots of Basal Aravalli 
Volcanics { + ) compared with various tectonic settings i . e . 
Within plate basalts ( t , Sanke r iver , Thompson et a l . 
(1983) Initial rift tholei i tes (*, Holm 1985) Back arc basin 
basalts (•, Saunders and Tarney, 1984) and Island arc 
basalts (o, South bandwitch island a rc , Luff 1982). 
Normalising values after Pearce (1982). 
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rifting tholeii tes is also observed in Primordial Mantle -
normalized diagram (Figure 36). 
The plot of Basal Aravalli Volcanics in MORB and ocean 
floor basalts fields in various discrimination diagrams, as 
discussed in previous paragraphs, appears due to almost flat 
element distr ibution on MORB normalized diagram from Zr to Yb. 
It has been observed ear l ier that some suites of continental 
tholeiites plot in MORB field have high LREE and Nb contents 
(Papezik and Hodych 1980; Dupuy and Dostal 1984; Greenough 
et a l . 1985; Smith and Holm 1987). 
In order to further examine the tectonic setting of Basal 
Aravalli Volcanics, variation in seven elements l ike Nb, La, 
Ce, P, Zr, Ti and Y have been evaluated in a manner following 
Myers et a l . (1987). The average Nb, La, Ce, P, Zr, Ti and 
Y contents of Basal Aravalli Volcanics are plotted in fig. 37. 
This figure also demonstrates a strong affinity of Basal Aravalli 
Volcanics with continental basalts as thei r patterns are closely 
similar to those of within plate basalts and init ial rift thole i i tes . 
The obvious conclusion from multi-element geochemical 
patterns is very l ikely to correct one as it is strongly supported 
by the field occurrence of these volcanic rocks. The apparent 
MORB affinity of these volcanics in various discrimination diagrams 
is incompatible with field occurrence. This discrepancy 
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demonstrates the limited use of certain discrimination diagrams 
to infer the tectonic settings of older lavas. 
CHAPTER - VI 
PETROGENETIC CONSIDERATIONS 
The petrogenetic studies of igneous rocks involve charac-
terization of source region of the magmas, conditions at the s i te 
of melting and the extent of modification in the primary melt 
subsequent to i t s generations during transport and stroage in 
conduites and magma chambers. In Basal Aravalli Volcanics, as 
discussed in previous chapters , the general geochemical variat ions 
do not define a consistent trend, but indicate a repe t i t ive 
magmatism where the lavas of primitive or near pr imit ive 
composition repeat up section. The major and trace element 
distribution patterns of these volcanics bring about certain facts 
which allow an insight into thei r petrogenetic evolution. 
The identical geochemical characterist ics of EBV and 
WBV suggest that they have been evolved under same geological 
conditions. Very high to very low values of Mg numbers, and 
MgO, Ni and Cr contents of these volcanics indicate that both 
primary as well as considerably evolved magmas erupted. Although, 
there are no generally accepted cr i ter ia which can be used to 
distinguish the primary magma unequivocally from those basalt ic 
magmas with composition that have been modified subsequent 
to segregation, the high Mg number rocks can be considered as 
more primitive. The rocks with low Mg numbers can be related 
with ttioso of high Mg numbers t)y fractional crystall ization or 
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progressive partial melting of a mantle source (Nesbitt and Sun 
1976). The MgO and SiO„, which are considered as good indicators 
of igneous fractionation, show a negative correlation in Basal 
Aravalli Volcanics (Figure 9) . Such a relationship may suggest 
that faractional crystall ization has played an important role during 
magmatic evolution of these rocks . The relationships Ni - MgO, 
Cr - MgO and Ni - Cr (Figure 12) are established in these rocks . 
In the komatiite-tholeiite associations of Archean greenstone bel t s , 
these relationships are generally interpreted in terms of fractional 
crystallization and progressive part ia l melting (Nesbitt and Sun 
1976; Jahn et a l . 1980). Jahn et al (1980) have compared progress ive 
melting and fractional crystall ization models and observed that 
fractional crystall ization trend more nearly coincides with the 
observed trend than the part ial melting trend. These re la t ionships 
demonstrate the compatibility of Ni and Cr in olivine and pyroxene 
respect ively. The decreasing trend of AUO^ with increasing MgO 
(Figure 38) also suggests the fractionation of olivine and pyroxene 
followed by steady increase in plagioclase content. This trend 
has been characteris t ical ly found in the Archean komati i te- tholei i te 
associations (Viljoen et a l . 1982). The flattening of V at high 
Ti contents in figure 13 indicates the fractionation of clinopyroxene. 
The fractionation of olivine and clinopyroxene is also evident fro m 
other plots such as Al^O^, FeO* and TiO^ versus MgO/CaO diagrams 
(Figure 11). Negative Eu anamoly (Figure 16) in all the samples 
support the plagioclase fractionation. 
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Therefore in terms of some major element and ferronag-
nesian trace element relationships, the evolution of Basal Aravalli 
Volcanics seems to be compatible with a re la t ively simple mechanism 
of fractional crystall ization. In this manner the tholei i te may 
be considered to have been derived from komatiitic rocks by 
fractional crystall ization (Figure 11). However, the incompatible 
element abundances and element ratios suggest that the fractional 
crystal l izat ion can not be considered as the only process involved 
in the evolution of these rocks. Furthermore, the fractional 
crystal l izat ion does not fully explain the other charac ter is t ics 
of these rocks. For example, even in tholei i t ic samples, there 
is a large range in the concentration of some sensi t ive elements 
l ike Ni, Cr, Co and MgO at same Mg number { 60) which 
indicates that they have been derived from different primary 
magmas. 
Sun et al (1979) have suggested that AUO^/TiO™ and CaO/ 
TiO„ rat ios in primary MORB magma increase and TiO„ content 
decreases with increasing degree of par t ia l melting of the mantle 
source. Considering an example, 1.5 per cent TiO„ with AUO^/ 
TiO^ 10 and CaO/TiO^ 7 represent about 15 per cent par t ia l 
melting and 0.7 per cent Ti02 with Al^O^/TiO^ 20 and CaO/ 
TiO„ 17 represent about 25 per cent par t ia l melting. On A1„0^ 
/Ti02 and CaO/Ti02 versus Ti02 diagrams (Figure 39) both 
komatiitic and tholeii t ic rocks of Basal Aravalli Volcanics [)lot 
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throughout the whole fields of MORB and komatiite showing a 
large range of TiO^ contents. The identical trends in both of 
these plots indicate similar magmatic control. If Ti02 contents and 
Al„0^/TiOr,, CaO/TiOp ratios are taken as indicator of the degree 
of par t ia l melting, the Basal Aravalli Volcanics would represent 
about 15 to 25 or more per cent of part ial melting. However, 
the process also is unlikely to account for some other 
character is t ics of these volcanics. For example the sample with 
similar Mg numbers have highly variable Ti02 contents (e .g . 
samples 02, U7, 016 and DB-5). Contrary to th i s , samples with 
different Mg numbers have similar TiO„ contents ( e .g . samples 
Ul, H7 and L8, V2). In th is manner both the rocks with komatiitic 
composition and the tholei i tes , both show a large variat ion in 
their TiOr, contents. The Mg numbers of some low TiO^ samples 
are too low to be consistent with the high degree of par t ia l 
melting. This indicates that different degrees of par t ia l melting 
are not solely responsible for these variat ions. Another possi-
bil i ty may be that the high TiO™ samples reflect least fractionated 
and low Ti02 samples reflect more fractionated va r i e t i e s . However, 
the geochemical evidence does not favour the fractionation of 
any Ti02 bearing phase. For example in Ti-Zr diagram (Figure 31), 
these volcanics plot in the field of basic lava, indicating that 
no titanium bearing phase has been fractionated. Moreover, the 
fractionation of Ti bearing phase will drast ical ly lower (:r and 
Ni abundances (Kds of Ni and Cr for magnetite are 29 and 153 
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r e s p e c t i v e l y (Dostal et a l . 1].',3). On c o n t r a r v , s amples vLta 
li\\ TiOj contents have high Cr ind \ i contents . 
r n e remaining p o s s i b i l i t y i s that t he Basal A r a v a i l i 
Volcanics were generated by differing degrees of p a r t i a l melting 
of mantle source with v a r i a b l e chemis t ry or in o t h e r words a 
heterogeneous mantle with each magma phase having undf rgone 
f rac t ionat ion . This a spec t is fu r the r inves t iga ted by using t r a c e 
element and REE d a t a . 
As ev iden t from tab le 6 the Basal A r a v a i l i Volcanics 
have a la rge range of Zr/ i', Y/Nb and Zr/Nb r a t i o s . D i s t r i b u t i o n 
coefficient data i nd ica t e tha t i t i s p o s s i b l e to s l i g h t l y f r ac t iona te 
Zr /Y, Y/Nb and upto some extent Zr/Nb r a t i o s of b a s a l t i c melt 
by low degrees of p a r t i a l melting with r e s idua l c l i n o p v r o x e n e 
a n d / o r garnet in the source (F rey et a l . 1978; Pea rce and Norrv 
1979; Le c^ .oex et a l . l983] . In Basal Arava i l i Volcanics the f^lement 
r a t i o s a re too grea t to be a t t r i b u t e d s imply to the differencf^s 
in magnitude of the d i s t r i b u t i o n coefficients a lone . Sucli lar_!P 
va r i a t i ons a re more l i k e l y to ref lect the d i f fe rences in sourco 
region c h a r a c t e r i s t i c s (Le Roex et a l . ISJ^J ) . The v a r i a t i o n in ( ( e / V o j n 
in ( f i g u r e 18) , (La/Sm)n (F igure 17) and (Ce/Sm)n(Table 7) r a tu ) s 
a lso su[)[)ort t h i s in te ronco . 
I'iguro lb compares the HUE pa t t e rns of mdiv idu . i i sa/(ii)lc 
of l^isat Xt'ivalli VoliMiucs. [)f;s[3ite largt^ dUtc renu^s in I UMI 
iiM lui ••liiucnt I hi'iiii',! I V, the (jaltcrns .trr ['iMn.t! kalil v .i I ' l i 
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If Mo number i s cons ide red to be a measure of fractio-nai 
c r y s t a l l i z a t i o n , the Basal Araval l i Volcanics a r e e x p e c t e d to =;no'.v 
enrictirnent in REE with decreas ing va lues of ''•Ig numbers , / h i s 
is because the f rac t ionat ion of mafic magmas, enroute to t h e su r face , 
r e su l t s in i nc rea se of incompat ib le element concentra t ion r e l a t i v e 
to those of h igh Mg number p r imary magmas. However , t h i s 
r e l a t i onsh ip between Mg numbers and REE concentra t ion i s not 
obse rved in these r o c k s . Although t h e r e i s a l a rge d i f fe rence 
in the Mg number va lues and MgO conten ts , the d i f f e rences in 
the degree of REE enr ichment a r e l e s s s igni f icant . Moreover , 
samples with h igh Mg numbers a r e more en r i ched in REE confer.ts 
than those with low Mg numbers and the samples wi th same Mg 
numbers and MgO contents have la rge v a r i a t i o n in REE con ten t s . 
These va r i a t i ons in REE abundances could be due to d i f ferent 
extent of melting of a REE enr iched source and /o r to a source 
which is h igh ly heterogenous in abundances of t h e REE,bL. not i!i 
shape of the REE p a t t e r n s . 
When komat i i t i c and t h o l e i i t i c r ocks of Bassal Arava l l i 
Volcanics a r e compared with each o t h e r , d e s p i t e large di f ferencos 
in t h e i r major e lements and t r ans i t i ona l t race element conten ts , 
they a p p e a r to have s i m i l a r incompat ib le element l e v e l s . Alttiou^h, 
the komat i i t ic rocks and t ho l e i i t e s of tliess; volcanujs (,an he 
dis t inguis i ied on the; ba s i s of lu.ijtir iMctnents and also t r ans i t i ona l 
t race eleiiKints, they (,an not hi> di st inguisht'd on rho h.isis >! 
in(.oiii|).ili!)io I'leiiiunls. Moth '^i-uuiis ot rut.ks •.huw i(l(Miti(,,il ii'ciKl, 
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if in T !:j.iri [)Ie eleinents and element r a t i o s (F igures 1,1, 34) . 
i h c s e t-at -res ind ica te that the Basal Arava l l i Vulcaniv''^ . lave 
been venerated by different ex ten t of p a r t i a l melting of v a r i a b l y 
enr iched mantle source . In a v a r i a b l y metasomatized mantle source 
the composit ion of p r imary mel ts will depend on the p r o p o r t i o n 
and composit ion of the metasomatizing component and on the 
condit ion and extent of p a r t i a l melting of the bulk source 
(Saunders 1984) . The incompat ib le element abundances of t h o l e i i t i c 
and komat i i t i c r ocks of Basal Arava l l i Volcanics suggest tha t the 
major element chemis ' . ry of t h e melts was cont ro l led by the hos t 
mantle and the incompat ib le element contents by metasomat ized 
v e i n s . 
The re fo re , it may be suggested tha t t he Basal A r a v a l l i 
Volcanics compris ing t h e r o c k s of komat i i t i c and t h o l e i i t i c 
composii ion were emplaced through repea ted melt genera t ion and 
e rup t ion in s e v e r a l small s p u r t s . Some of the composi t iona l 
v a r i a t i o n s within t h e s e vo lcan ics a re r e l a t ed to f ract ional c r y s t a -
l l i z a t i on . Other composi t ional v a r i a t i o n s within t he se vo lcan ic 
su i t e s seem to r e q u i r e d i f fe rences in degree a n d / o r t ype of inoltin'j 
involging a heterogeneous sou rce . 
The cons idera t ion of incompat ib le e lements , i^ h i^ruMit ra t io- , 
and Hl\l', [xit terns emphas i zes the t^nriched i;harai.t(;f of li.i;,,l 
ArTiv,\lIi Volcanics . i h e i r iMirichcid charact(>r is a lso suppor t i M1 
\>y ','co(.hoiiii(.\il (hiltci'iis which ace close In i mil iui-nCi I f .r , , i! ' . 
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(Figure 35). The origin of the dist inct ive feature of modern 
continental basalts have been interpretted as the product of 
two quite different processes 1- Crustal contamination of magma 
derived from a depleted mantle source (Thompson et a l . 1983; 
Dupuy and Dostal 1984; Fodor and Vetter 1984; Arndt and Jenner 
1986); and 2- Derivation from mantle with unusual chemically 
enriched character . Therefore, the character of Basal Aravalli 
Volcanics may be ascribed to ei ther contamination or melting in, 
or contamination by, an incompetible element enriched (modally 
metasomatized) l i thosphere (Weaver and Tarney 1983). A good 
case can be made that the chemical features of Basal Aravalli 
Volcanics have not been resulted from crustal contamination. 
Though quantification of the role of high level crustal 
contamination using trace element alone is difficult, the marked 
trough in MORB normalised patterns at Nb is a dist inct signature 
for magmas which have been contaminated by continental crustal 
rocks (Pearce 1983). Basal Aravalli Volcanics do not show such 
large negative anomaly. 
The uncontaminated nature of these rocks is also evident 
from primary mantle normalised geochemical pattern (Figure 36), 
where they show a rather flat pattern as compared to contaminated 
rocks in which the more character is t ic feature is steep slope 
of pattern and the size of anomalies is more pronounced notabl\ 
in seqiriont I.a-ri (Holm l')H5). The [lossibiUty of contaminatiiMi 
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along with crustal fractionation (AFC) also appears unfavourable 
because there is no differentiation related interflow trend through-
out this volcanic sequence as certain flows have a less evolved 
composition than the preceding flows (Figure 4 ) . The complete 
absence of felsic or intermediate rocks also support the idea 
that the crustal contamination of the magma was less significant. 
These character is t ics preclude explaining enriched nature of Basal 
Aravalli Volcanics in terms of crustal contamination and are inter-
pret ted as representative of source material composition. Therefore, 
they are considered to have been derived from an enriched 
(modally metasomatized) sub-continental source. 
Extensive geochemical studies of ocean r idges and ocean 
islands have shown that Zr/Nb ratio is a powerful discriminant 
between enriched mantle sources and depleted mantle sources (Erlank 
and Kable 1976; Le Roex et a l . 1983). The plots of Basal Aravalli 
Volcanics in Zr versus Nb diagram (Figure 40) suggest that they 
have been derived from a moderately enriched source. 
The relative incompatibility of Zr is considered to be 
greater than Ti which in turn is greater than Y (Sun et a l . 1979). 
Thus the REE enrichment of the mantle source should also be 
reflected in relative Zr, Ti and Y abundances. An enriched source 
would thus be characterised by lower Ti/Zr ratios and high Ti/Y 
rat ios . Tho low Ti/Zr (average 78; range ,35 to 196) and high 
I'i/V (,ivnr,it;(; ,UH ; range 141 to 677) ratios of Masai Aravalli 
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primordial Mantle 
200 UOO 600 
Zr (ppm) 
F ig . 40 . Nb v e r s u s Zr covar ia t ion diagram (af ter Le Roex et a l . 
1983) showing t r a n s i t i o n a l l y en r i ched nature of i ]asal 
Arava l l i Volcanics . P r i m o r d i a l mantle ra t io from Wood 
et al (1979) . 
• ivastern L3elt Volcanics 
0 Western Belt Volcanics 
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Volcanics, thus represent an enriched source and the variat ion 
in these ratios indicates a var iably enriched source. 
It has been observed that chemical heterogeneity observed 
in both oceanic and continental basalts may result from successive 
depletion and enrichment events which have affected the i r source 
regions (Hanson 1977; Frey et a l . 1978). The studies on mantle 
derived xenoliths have shown that the mantle may be var iab ly 
metasomatized or veined. Richardson et al (1985) have suggested 
that the process of metasomatism may be a periodic or quasi-
continuous process which replenishes the LREE and incompatible 
elements in the l i thosphere as well as replacing major minerals, 
such as diopside, which are depleted during melting. Studies 
on basalt ic rocks related to active l i thospheric rifting ^ xenoliths 
and volcanic gases indicate that chemical features of these rocks 
are controlled by C0„ enriched fluid phase metasomatism (Lloyd 
and Baily 1975; Frey et a l . 1980; Norry et a l . 1980; Shilling 
et a l . 1980; Wass and Rogers 1980; Baily 1982). The geochemical 
character is t ics of Basal Aravalli Volcanics appear to have been 
developed by a similar phenomenon. 
CHAPTER - VII 
TECTONIC IMPLICATIONS 
There is disagreement among the geoscientists as to 
whether or not the Phanerozoic type of plate tectonic processes 
existed in the Pfoterozoic, In recent years, with the addition 
of new and more rel iable data (Hoffman 1980; Naqvi 1985; Kerr 
1986; Walters and Pearce 1987; Naqvi et a l . 1988; Condie 1989), 
the extension of plate tectonic into Precambrian has gained 
considerable ground. A growing numoer of evidence seems to 
indicate that these processes were broadly similar to the 
Proterozoic ones although there might have been differences 
in the scale and geometry of the response between Proterozoic 
and Phanerozoic. If such comparisons of Proterozoic and 
Phanerozoic settings are val id , the volcanic rock of Proterozoic 
sequences can be expected to throw light on the tectonic settings 
at the time of their eruption. The basic volcanic rocks are 
found to be most useful for realising this objective. This is 
because of the fact that geochemical signatures of basic volcanics 
of younger ages are found to reasonably define their tectonic 
settings. Due to th is fact the geochemical composition of basic 
volcanics have been used successfully, to model the tectonic 
evolution of Archean and Proterozoic ter ra ins . 
The evolutionary history of Aravalli region has beon 
in (li;l)atf^  tor a Inng time. Various models, involving Wilson 
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cycle (Sinha-Roy 1988, 1990} to resurgent rifting (Roy 1988, 1990; 
Bhattacharya 1990), have been proposed. However, all these models 
overlooked the significance of basic volcanics, mainly due to 
lack of geochemical data. As a resul t , they show wide divergence. 
In the present chapter the geochemical compositions of Basal 
Aravalli Volcanics along with geological data have been used to 
investigate the tectonic setting at the time of their eruption. 
This will help to understand the tectonic processes which were 
involved in the initiation of Aravalli basins. 
The plots on different discrimination diagrams based 
on few major and minor elements as well as immobile trace 
elements show that the Basal Aravalli Volcanics have a close 
affinity with ocean floor basalts or MORB (chapter V). However, 
MORB normalized, primordial mantle normalized and primordial 
mantle/Nb normalized multi-element geochemical patterns (Figures 
35, 36 and 37) suggest that these volcanics were erupted in a 
continental setting. In this situation the tectonic setting of 
metavolcanic suites at the time of emplacement cannot be deduced 
only from the geochemistry but the field evidence should also 
be taken into consideration. In the case of Basal Aravalli Volcanics 
the field data suggest that assignment to an oceanic environment 
solely on the basis of evidence from discrimination diagrams 
would be incorrect . These lavas are associated with shallow water 
s i l iciclast ic and carbonate sediments. Fhe motaso(lim(3nts are 
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dominated by pure quartzite indicating their deposition in a 
shallow marine environment. It i s evident that the lavas were 
introduced into a platformal stable sedimentary environment 
of shallow marine or fluviatile and continentally derived 
sediments (Roy and Paliwal 1981). Therefore the possibi l i ty 
of a mid-oceanic ridge formation is ruled out. In the recent 
island arcs and marginal continental settings marine sediments 
are frequently intercalated with the volcanic products (Thorpe 
1982). Basal Aravalli Volcanics, having intercalated with marine 
sediments and possibly situated near western edge of an Archean 
continental mass (Roy 1988), do not show any subduction zone 
's ignature ' in the i r chemistry. Thus, no evidence support the 
oceanic or subduction related origin for these volcanics. 
Hence these character is t ics are best explained by 
an intermediate situation in which extensional rifting produced 
highly attenuated continental crust , but no fully developed ocean. 
The basic volcanics erupted within the rift thus show some 
of thei r chemical character is t ics closely similar to those of 
rocks which erupt along ocean r i f t s . It appears that at the 
time of the development of th i s rift the underlying mantle was 
in a subcontinental setting and the erupted rocks have an 
enriched character . Because the crust was thin, the crustal 
contimination of the magma was less significant. Studies of 
basaltic rocks related to active l i thospheric rifting indicate 
that (.hnmical features of these rocks are controlled by source 
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melting, which in turn is controlled by nature and style of 
rifting. Dixon et a l . (1981) argued that in the North Sea Basin 
different vert ical and horizontal disturbances of stretching during 
the active rift phase can account for the magmatic variations 
in North Sea extensional episodes. In the present area, the 
occurrence of quartz pebbles conglomerate-pure quartzite on the 
one hand and polymictic conglomerate with huge boulder and lavas 
with komatiitic and tholeii t ic compositions on the other hand are the 
features which suggest that the basin rifted intermittently during 
the period of extension. 
The uncontaminated nature of these lavas and the 
repetation of high Mg lavas indicate that the magma reservoi rs 
were not volumet r ical ly important in the crust. The magma ascended 
rapidly and sometimes direct ly from the mantle at a time when 
the crut was already attenuated. The succeeding pulses of 
primitive magma reached the surface via a fracture controlled 
conduit system in a manner as suggested by Francis et al (1983). 
During the ascent the magma chemistry was controlled by simple 
fractionation within the conduits system. 
The absence of volcanic rocks from overlying part of 
Aravalli sequence indicates that the volcanism ceased abruptly 
and basin began to fill with sediments produced by denudation 
of continental material . The presence of komatiitic rocks with 
contiental tholei i tes , showing some MORB like charac ter i s t ics 
indicates that the basal Aravalli sequence appears to represent 
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a typical transition between Archean greenstone belt containing 
abundant komatiites and Phanerozoic continental tholeiitic suites 
in which komatiites are absent. Probably this was an attempt 
to form a Proterozoic greenstone belt, which was aborted with 
the cessation of volcanism. This feature suggests that the 'green-
stone' tectonic setting probably crossed Archean - Proterozoic 
boundary in this part of Indian shie ld . 
CHAPTER - VIII 
SUMMARY AND CONCLUSIONS 
In the northwestern part of Indian shield, the Aravalli 
mountain belt preserves a well developed Proterozoic sequence 
in which the Proterozoic events can be traced from approximately 
2500 m.y. to as late as 500 m.y. In th is region, alongwith different 
types of metasediments, there exist numerous occurrences of basic 
volcanics which represent different episodes of Proterozoic 
volcanism. Although a considerable work has been done on various 
aspects of geology of this region, geochemical studies on basic 
volcanic rocks have not been carried out in detai l . These volcanic 
rocks present an excellent opportunity to understand the heatedly 
debated evolutionary history of Aravalli belt. Geochemical studies 
on these rocks may prove helpful to establish the sequence of 
geological events in this region. Furthermore, the geochemical 
evidence may be used to investigate the problems of Proterozoic 
magma genesis and eruptive environment. In the present study 
a detailed account of geochemical data are presented on the basic 
volcanic rocks, occurring at the base of Aravalli Supergroup 
(2500 m.y.) in the type area of Udaipur. In this area the basic 
volcanic rocks occur as lava flows, intercalated with clean washtid 
quartzite and other shallow water sediments. Ibis volcano-
sedimentary sequence overlies the basement complex of ArchiMO 
ago |)opularly known as Handed (ineissic Coinplox or li(;(;. llu; 
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volcanic rocks alongwith i n t e r ca l a t ed metasediments occur in two 
N-S trending b e l t s in the eas t and west of Udaipur c i t y . Moreover , 
the volcanic rocks a r e more ex t ens ive and well deve loped in tne 
eas t e rn b e l t . P e t r o g r a p h i c inves t iga t ions and determinat ion of major 
and t r ace e lements including REE were c a r r i e d out on se lec ted 
samples of t h e s e vo lcan ics and the data have been u t i l i s e d to 
d i s cus s t h e i r pe t rogenes i s and tec tonic environment . 
P e t r o g r a p h i c a l l y the rocks of the two be l t s d i s p l a y 
almost uniform mineral assemblage and t ex tu ra l r e l a t i o n s . They 
a r e genera l ly composed of t y p i c a l g r eensch i s t facies mineral a s sem-
b lages . In general the growth of metamorphic minerals h a s o b l i t e -
ra ted the p r i m a r y minera ls and t e x t u r e s . However, few r e l i c t 
minera ls such as pyroxene and p lag ioc lase and the magmatic fea tures 
including v e s i c l e s and amygdules and o p h i t i c t ex tu re s a r e a l so 
p r e s e r v e d . 
To tes t the degree upto which metamorphic a l t e r a t i ons may have 
affected the whole rock geochemis t ry of the su i t e , the post e rup t ion 
changes in element composi t ions have been determined by using 
va r ious v a r i a t i o n d iagrams and chemical c r i t e r i a . The chemical 
data show that impact of a l t e r a t i on i s mostly on K„0, Na„0 and 
re la ted e lements . The elements SiO , Al^O^, FeO and MgO, by 
and l a rge , do not show any s ignif icant change in t he i r magmatic 
concent ra t ions . However, t h e r e a r e few samples which show 
second,irv i umposi t ii nis of liaO. N'everttiltjss, tli(> ,il tiMMlion p r o i i ' . s 
(.oiild lint j)() ,il)ly (ii'oilth (' Uu; (Ji.uiqcs uplo ,u(.h .m i'\liMit liit 
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the rocks of one tectonic environment appear to belong to another 
tectonic environment. However, the chemical evidence adduced 
in this study, rel ies preferebly on minor and trace elements which 
are considered immobile during secondary processes. 
Geochemical data suggest large range of variation in 
abundances of various element and element ra t ios . MgO, Cr, Ni 
and Co contents, CaO/Al„0_ ratio and variation diagrams including 
Jensen plot indicate that the Basal Aravalli Volcanics have a strong 
affinity with Komatiite - tholeiite associations. However, they 
differ from komatiite-tholeiite associations of Archean greenstone 
belts in apparent absence of spinifex texture, compositional gap 
in MgO content and REE character is t ics . Furthermore, the MgO 
content does not exceed 20 per cent. The lack of compositional 
gap precludes to draw a sharp line between the rocks of komatiitic 
and tholeii t ic compositions. Due to these reasons the a rb i t ra ry 
line at 9 per cent MgO is employed to distinguish the rocks of 
two types . The high MgO rocks are referred to as komatiitic rocks 
rather than using more formal terms l ike komatiites or komatiitic 
basalts . 
Various variation diagrams based on major, minor and 
immobile- trace elements and element ratios suggest that the Basal 
Aravalli Volcanics Ijelong to tholeiitic s e r i e s . Though the komatiitic 
rocks can be distinguished on the bases of MgO and transitional 
trace (ileuuints such as Ni and Cr, they cannot be distinguished 
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on the basis of incompatible elements like Zr, Y, Nb, Ta and 
Hf and REE. Despite large differences in their ferromagnesian 
elements, both the group of rocks show identical trends of 
incompatible elements and element ra t ios . Due to this fact the 
compositions of both komatiites and the tholeii tes have been used 
for geochemical characterization and interpretation of tectonic 
setting. 
The REE patterns of all the samples of Basal Aravalli 
Volcanics are almost parallel showing LREE enrichment with 
moderate negative Eu anomaly. The LREE enrichment is low to 
moderate with (Ce/Yb)n ratio ranging between 1.65 and 3.64. There 
is no systematic variation of REE from komatiitic rocks to thole i i -
t ies . Though the similarity in the REE patterns is maintained 
over a large range of Mg numbers (55 to 83), there is no increasing 
trend in the contents of total REE with decreasing Mg number 
or 4^gO content. 
In terms of some major elements, and ferromagnesian t race 
element relationships the evolution of Basal Aravalli Volcanics 
seems to be compatible with a relat ively simple mechanism of 
fractional crystal l ization. The plots , MgO versus Ni, Cr, Co, 
Al^O^ and Si02; V versus TiO„; and MgO/CaO versus Al^O^, Feo'' 
and Ti02 and Eu anomaly suggest the fractionation of ol ivine, 
clinopyroxene and plagioclase. However, the incompatible elements 
like Zr, Y, Nb, Ta and Hf, REH abundances, incompatible element 
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ratios such as Zr/Y, Y/Nb, (Ce/Yb)n, (Ce/Sm)n and (La/Sm)n 
suggest that the fractional crystallization alone have not played 
a major role in producing the present chemical features of these 
rocks. The geochemical data and field occurrence of these rocks 
indicate that they were emplaced through repeated melt generation 
and eruption in several small spur t s . Some of the compositional 
variation within these volcanics are related to fractional c rys ta -
llization. Other compositional variations within this volcanics 
suite require differences in degree and/or type of melting involving 
a heterogeneous source. 
Geochemical data, part icularly incompatible elements and 
REE abundances, emphasize an enriched character of these 
volcanics. The chemical features preclude to explain their enriched 
nature in terms of crustal contamination and overwhelmingly indicate 
that the compositional character is t ics nave probably been inherited 
from their mantle source. The rocks are considered to have been 
derived from an enriched (modally metasomatized) sub-continental 
mantle source. Probably, the metasomatized veins controlled the 
incompatible element abundances of the melts, on the other hand 
the major element contents of the melts appear generally to be 
controlled by host mantle. 
The uncontaminated nature of these lavas and the rcipeti-
tiun of high Mg lavas in the ^("iologlcal column indicate that tht> 
iiiagiiia rcsoi'voLrs .•.'•n> not vohiiiuUi'ically [iiif)()rt,uU. Maqiiia 
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ascended rapidly and directly from the mantle at the time when 
tl^ .e crust was already attenuated. Succeeding pulses of magma 
reached the surface via a fracture controlled conduite system. 
The magma chemistry was controlled by simple fractionation within 
the conduites. 
On discrimination diagrams based on major elements MgO, 
FeO , minor elements TiO^ and PoO^ and trace elements Zr, Y, 
Mb, and V, these lavas fall in the field of oceanic basalts or 
MORB. However, the multi-element geochemical patterns involving 
the immobile-incompatible elements l ike Ta, Nb, La, Ce, P, Nd, 
Hf, Zr, Sm, Ti, Y and Yb indicate a progressive enrichment of 
more incompatible elements, a feature similar to those found in 
continental tholei i tes . The geochemical patterns match more closely 
with initial rifting tholei i tes , which erupt at the time of abort ive 
continental breakup. 
Geochemical data along with geological evidence strongly 
suggest the geological model invoking rifting of a stable cratonic 
basement. It is suggested that during the early Proterozoic the 
pre-existing cratonic block of Banded Gneissic Complex was r i f ted. 
The lavas, derived from a transit ionally enriched (modally meta-
somatized) sub-continental l i thosphere , moved during their ascent 
through a highly attenuated continental crust, produced by exton-
sional rifting and emplaced intermittently in a initial intoraconti-
nental rifted basin. Due to highly attenuated nature of th(3 (.rust 
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the erupted lavas acquired some of their chemical character is t ics 
closely similar to those extruded along oceanic r i f t s . The rift 
did not evolve upto ocean stage so that the continental sediments 
continued to deposit at the si te of eruption. 
Presence of rocks with komatiitic affinity along with 
continental tholei i tes showing MORB like character is t ics indicates 
that the basal Aravalli sequence is a typical transition between 
Archean greestone belt containing abundant komatiites and 
Phanerozoic continental tholei i t ic suites in which komatiites are 
absent. Probably it was an attempt to form a Proterozoic green-
stone belt which was aborted with cessation of volcanism. In 
th is manner, it appears that the "greestone tectonics" crosssed 
the Archean - Proterozoic boundary in this part of Indian Shield. 
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Table 1: Stratigraphic succession of 
Area (After Roy et a l . 1988] 
the Aravalli Supergroup in the r\"pe 
Formation 
Shelf sequence 
Type area Lithology 
Deep water 
sequence 
Tidi 
Formation 
Machhlamagra 
Formation 
Zawar 
Formation 
Delwara 
Formation 
Tidi, 
Zawar 
Udaipur 
Zawar 
Udaipur 
Formation 
Debari 
Formation 
Sishmagra 
Dantala 
Formation 
Jhamarkotra 
Formation 
Udaipur 
Debari 
Smelter 
region 
Sarara 
Inlier 
I 
Jhamarkotra 
Slaty phyl l i te with dolomitic Mica schis ts 
and quartzit ic interbeds phyl l i te and 
Ultramafic 
Intrusive 
Quartzite and quartz 
phyll i te (local 
conglomerate) 
Dolomite, carbonaceous 
phyll i te and quartzite,with 
pyr i te , galena, sphaler i te 
and s i lver ore bodies 
Greywacke-phyllite, l i thic 
arenite, local diamictic 
conglomerate 
Conglomerate-arkose-quartzite 
and minor bodies of phyll i te 
Congolomerate and 
Quartzite 
UNCONFORMITY 
Delwara 
Dolomite, quartzite phyl l i te , 
carbonaceous phyl l i te , s t ro-
matolitic phosphorite ( local) , 
with copper and uranium ore 
bodies. 
Metavolcanics with interbeds 
of quartzi te , minor phyl l i tes 
and dolonite, local conglomerate. 
White mica at the base. 
FIRST ORDER UNCONFORMITY 
Banded Gneissic Complex (BGC) 
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Table 7: Rare earth element (REE) and other incompatible element concen-
trations of Basal Aravalli Volcanics (Samples G7, U7, P3 and 
D4, A, A6 represent Eastern and Western Volcanic Belts 
respect ively) . 
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